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Abstract 
Bariatric surgery is rapidly gaining acceptance among the morbidly obese population, yet studies 
assessing variables associated with post-surgical outcomes have yielded inconsistent findings.  
The purpose of this investigation was to assess the association between the relative reinforcing 
value of food (RRV-F), delay discounting for food (DD-F), and other eating-related and non 
eating-related variables to post-bariatric surgery percent total weight loss (%TWL) and 
substance-related outcomes.  Participants were a convenience sample of 147 adults with a history 
of Roux-en-Y gastric bypass surgery.  Using online survey methodology, variables that may 
contribute to post-surgical %TWL and substance use outcomes were assessed: the RRV-F, DD-
F, quality of life, and other eating-related variables (food addiction, binge eating, dietary 
restraint, disinhibition, craving, grazing, nocturnal eating, and emotional eating).  The RRV-F 
was significantly associated with post-bariatric surgery %TWL, while the DD-F was not found to 
be a valid measure of food-related impulsivity among post-bariatric surgery patients.  Weight 
loss and substance-related outcomes were inversely related, as those who achieved less weight 
loss were more likely to endorse symptoms of a probable post-surgical substance use disorder 
(SUD).  Dietary restraint and disinhibition were found to influence %TWL, while the eating-
related variables found to contribute most significantly to a probable post-surgical SUD were 
nocturnal eating, food addiction, subjective feelings of hunger, and environmental sensitivity to 
food cues.  Family history of substance abuse was also strongly associated with endorsing 
symptoms of a probable post-surgical SUD.  Regarding %TWL outcomes, results suggest 
strongly advising post-bariatric surgery patients to avoid substance use.  With respect to 
endorsing symptoms of a probable SUD, results have practical implications in that family history 
of SUD can be easily assessed, and at-risk patients can be advised accordingly.  In addition, 
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those who develop post-bariatric surgery SUD appear to have stronger cognitive and behavioral 
responses to food, providing some support for the concept of ―addiction transfer.‖ 
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 Relationships between food reinforcement and eating behaviors to 
bariatric surgery weight loss and substance abuse outcomes.   
Chapter 1: Introduction 
Statement of Purpose 
Morbidly obese individuals incur greater costs associated with healthcare utilization, with 
estimates suggesting 81% greater health care costs than the non-obese population, and 47% 
greater health care costs than their overweight but non-morbidly obese counterparts (Arterburn, 
Maciejewski, & Tsevat, 2005; Flegal, Carroll, Ogden, & Johnson, 2002).  Bariatric surgery is 
rapidly gaining acceptance among the morbidly obese population.  In 2008, an estimated 220,000 
patients underwent bariatric surgery in the United States, and over 344,000 such procedures were 
performed worldwide (Buchwald & Oien, 2009).  The vast majority of post-bariatric surgery 
patients experience good weight loss and other positive weight-related health outcomes 
(Sjöström et al., 2004).  It is an unfortunate reality, however, that not all bariatric patients 
experience optimal outcomes.  Specifically, by 18-24 months post-surgery, about 30% of 
patients begin to regain weight (Hsu et al., 1998).  In addition to the potential for weight regain 
(Hsu et al., 1998; Sjöström et al., 2004), King et al. (2012) observed that post-bariatric surgery 
patients, Roux-en-Y patients in particular, are at risk for emergence of alcohol use disorders by 
two years post-surgery.  A recent report also suggests an overrepresentation of post-bariatric 
surgery patients in substance abuse detoxification/rehabilitation programs (Saules, et al., 2010).  
Studies assessing variables associated with post-surgical outcomes have yielded inconsistent 
findings (Buddeberg et al., 2006; Fabricatore, Crerand, Wadden, Sarwer, & Krasucki, 2006; 
Kofman, Lent & Swencionis, 2010), and our understanding of which factors are most strongly 
associated with post-surgical outcomes is in its infancy (Elder & Wolfe, 2007; Hsu et al., 1998). 
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The cost of bariatric surgery can be offset if outcomes are optimal, but there are many 
patients who do not achieve the weight loss expected following surgery.  Thus, advancing our 
understanding of indicators of poor prognosis could lead to the development of tailored 
approaches to target at-risk groups.  Past research efforts have focused on evaluating personality 
features, mood disturbances, medical and psychiatric struggles, and pathological eating 
behaviors as indicators of post-bariatric surgery weight loss outcomes (e.g., Busetto et al., 2005; 
Guisado, Vaz, Lopez-Ibor, & Rubio, 2001; Herpertz, Kielmann, Wolf, Hebebrand, & Senf, 2004; 
Wygant et al., 2007).  Unfortunately, studies have either failed to find any relationship or have 
provided conflicting results regarding the association between these variables and postoperative 
outcomes (e.g., Burgmer et al., 2005; Clark et al., 2003; Franks & Kaiser, 2008; Jeng, Renquist, 
Doherty, & Mason, 1994; Van Gemert, Severijns, Greve, Groenman, & Soeters, 1998; Van 
Hout, Verschure, & van Heck, 2005).   
However, postoperative eating behavior has been supported as a factor predicting weight 
loss following bariatric surgery (e.g., Colles, Dixon, O‘Brien, 2008; de Zwaan, 2005).  Evidence 
also suggests that increased food urges may impact risk for postoperative weight regain (Odom 
et al., 2010).  It is thus surprising that an investigation of the association between the relative 
reinforcing value for food (RRV-F) or delay discounting for food (DD-F) with outcomes 
following bariatric surgery has yet to be conducted.  To clarify, the amount of work one is 
willing to engage in to earn a reinforcer (e.g., food) serves as an indicator of its RRV, and greater 
DD occurs when small immediate food rewards are chosen over larger delayed rewards (Bickel, 
Madden, & Petry, 1998).  DD has also been consistently cited as an adequate proxy measure of 
impulsivity (e.g., Alessi & Petry, 2003; Bickel, Odum, & Madden, 1999; Christakou, Brammer, 
& Rubia, 2011; Perry, Larson, German, Madden, & Carroll, 2005), an important predictor of 
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weight regain in post-bariatric and non-surgical weight loss populations (Bond, Phelan, Leahey, 
Hill, & Wing, 2009).   
The following literature review will examine the empirical work on the prevalence of 
obesity and bariatric surgery.  It then will turn to the literature on indictors of successful outcome 
following bariatric surgery, with specific emphasis on weight loss, substance use, and quality of 
life.  Evidence is then presented linking both the RRV-F and DD-F to obesity, underscoring the 
need for further research assessing these variables among post-bariatric surgery patients.  Other 
eating-related variables that may influence postoperative outcomes (binge eating, grazing, 
craving, dietary restraint and disinhibition, nocturnal eating, and emotional eating) are also 
examined, with emphasis placed on the influence of food reinforcement and food-related 
impulsivity to these associations.   
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Chapter 2: Literature Review 
Obesity  
  Obesity is a condition that involves an excess of adipose tissue, commonly referred to as 
body fat.  Body Mass Index (BMI) is the most commonly used measure of body fat for adults, 
and is calculated by dividing weight in kilograms (kg) by height in meters squared (m
2
).  Thus, 
BMI is computed based on an individual‘s height and weight.  The World Health Organization 
(WHO) has proposed a set of cut-off scores based on BMI (WHO, 2011; see Table 1).   
Table 1 
 
WHO BMI Classification. 
 
BMI (kg/m
2
) Classification 
Below 18.50 Underweight 
Below 16.00 Severe thinness 
16.00-16.99 Moderate thinness 
17.00-18.49 Mild thinness 
18.50-24.99 Normal 
25.00-29.99 Overweight 
Greater than or equal to 30.00 Obese 
30.00-34.99 Obese Class I 
35.00-39.99 Obese Class II 
Greater than or equal to 40.00 Obese Class III
a
 
Note: Adapted from <http://apps.who.int/bmi/index.jsp?introPage=intro_3.html> 
a
Obese Class III also referred to as morbidly obese. 
 
 Because of its rapidly increasing prevalence, high comorbidity, and the dramatic costs 
associated with treating related conditions, obesity has been labeled an epidemic both in the US 
(Center for Disease Control and Prevention [CDC], 2011) and worldwide (Sassi, Devaux, 
Cecchini, & Rusticelli, 2009).  Between 1991 and 2000, a 61% increase in the rate of obesity 
was observed (Smith, 2007).  Recent estimates suggest that 68% of American adults are 
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overweight or obese, 34% are obese, and 6% are morbidly obese (Flegal, Carroll, Ogden, & 
Curtin, 2010; Ogden et al., 2006).  These rates are alarming, given that obesity is linked to a host 
of negative physical sequelae (US Department of Health & Human Services, 2004), high 
mortality rates (Allison, Fontaine, Manson, Stevens, & VanItallie, 1999), and psychological 
comorbidities (Moreira, Marca, Appolinario, & Coutinho, 2007).  Morbid obesity is increasing at 
a faster rate than both overweight and obesity, which is even more disquieting given that higher 
BMI is related to lower health-related quality of life (Fontaine & Baroksky, 2001), greater 
depression (Kalarchian et al., 2007), and increased morbidity (Sturm & Wells, 2001) relative to 
lower BMI classifications of obesity.  For instance, Obesity Class III is associated with greater 
depressive symptoms relative to either Obesity Class I or II (Castres, Folope, Dechelotte, 
Tourny-Chollet, & Lemaitre, 2010).   
 Morbidly obese individuals incur greater healthcare utilization costs than the non-obese 
population and their overweight but non-morbidly obese counterparts (Arterburn et al., 2005; 
Flegal et al., 2002).  Efforts to reduce obesity are thus of great importance.  While lifestyle (e.g., 
restricted-calorie diets) and pharmacological (e.g., Sibutramine) interventions have been 
evaluated, these treatments have been shown to result in only short-term weight loss (Apfelbaum 
et al., 1999; Delinski, Latner, & Wilson, 2006; Wadden & Butryn, 2003; Wing, 2004).  Any 
improvement in obesity-related complications (e.g., medical or psychological) that results from 
short-term weight loss deteriorates with weight regain (Engel et al., 2003).  This is an 
unfortunate, yet common, consequence following traditional non-surgical treatment (Mann et al., 
2007; Wadden, Butryn, & Byrne, 2004).  As traditional weight loss interventions tend not to 
have enduring effects (e.g., Safer, 1991; Wadden et al., 2004; Wadden, Sternberg, Letizia, 
Stunkard, & Foster, 1989), alternative treatments have been sought.  Following the development 
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of weight loss surgery guidelines by the National Institutes of Health (NIH), efforts to reduce 
obesity through bariatric surgery have increased.  According to the NIH (2000) guidelines, 
bariatric surgery is considered the most effective weight loss treatment for morbid obesity (i.e., 
Class III obesity or BMI > 40 kg/m
2
).  Relative to non-surgical treatments, such as lifestyle or 
pharmacological interventions, bariatric surgery has been shown more effective in producing 
sustained weight loss over time (e.g., Karlsson, Taft, Ryden, Sjostrom, & Sullivan, 2007; 
Maggard et al., 2005; Padwal, Li, & Lau, 2003).  Furthermore, it is considered to be safe 
(Cunneen, 2008) and cost-effective (Picot et al., 2009).   
Bariatric (Weight Loss) Surgery  
  Bariatric surgery, that is, techniques associated with altering the digestive tract, is 
advancing rapidly.  While trends vary across world regions, the most commonly performed 
procedure in the US as of 2008 was the Roux-en-Y gastric bypass (51%), followed closely by 
adjustable gastric banding (44%), although rates of the latter are increasing far more rapidly than 
the former (Buchwald & Oien, 2009).  Briefly, the Roux-en-Y gastric bypass procedure involves 
dividing the stomach into two pouches, one smaller and one larger, with the latter closed off to 
prevent food from being transported to that section of the stomach.  In this procedure, the 
intestinal tract is diverted, so the newly formed smaller pouch is connected to the middle of the 
small intestine (jejunum).   
  In contrast, in gastric banding surgery, the stomach is split into a smaller and larger 
pouch by banding the stomach, and the intestinal tract is left unaltered.  While gastric banding is 
a purely restrictive procedure (given the smaller stomach pouch), the Roux-en-Y gastric bypass 
surgery works through both restriction and malabsorption (Mitchell & Courcoulas, 2005).  The 
Roux-en-Y gastric bypass both restricts the amount of food that can be consumed, thus creating a 
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rapid sense of satiety shortly after eating, and it reduces the amount of time nutrients spend in the 
intestinal tract, subsequently resulting in fewer calories being absorbed.  While gastric-banding is 
a highly effective weight loss procedure, it appears to yield less weight loss than the Roux-en-Y 
gastric bypass surgery (e.g., Howard et al., 1995; Olbers, Fagevik-Olsen, Maleckas, & Lonroth, 
2005; Sugerman, Starkey, & Birkenhauer, 1987).  Nonetheless, bariatric surgery candidates may 
elect this procedure because it is reversible and associated with fewer pre- and post-operative 
complications (DeMaria, Pate, Warthen, & Winegar, 2010).   
  Irrespective of the procedure selected, not all bariatric patients experience optimal 
outcomes.  On average, at 18 to 24 months post-surgery, about one third of participants begin to 
regain weight (Hsu et al., 1998).  One study estimates that peak weight loss (percent change 
post-operative relative to pre-operative) of 38% and 25%, respectively, occurs at one year for 
both gastric bypass and gastric banding patients, whereas, at 10 years both groups demonstrate 
attenuated weight loss of 21% and 13%, respectively (Sjostrom et al., 2004).  Most programs 
conduct pre-surgical evaluations before surgery is authorized, and some programs utilize very 
comprehensive batteries of psychological and medical screening procedures.  The American 
Society for Bariatric Surgery (2004, now ASMBS [American Society for Metabolic and Bariatric 
Surgery]) published a comprehensive set of recommendations for the pre-surgical assessment of 
bariatric surgery candidates, including behavioral, cognitive/emotional, developmental, 
psychosocial, and motivational domains.  Nonetheless, current assessment practices continue to 
vary widely (Sogg & Mori, 2004; Wadden & Sarwer, 2006).  Certain components of this pre-
surgical assessment are included to assess certain contraindications for surgery, such as active 
psychosis, severe untreated psychopathology such as major depression, and pathological eating 
behavior (Dymek-Valentine, Rienecke-Hoste, & Engelberg, 2005; Wadden & Sarwer, 2006).  
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Evidence is mixed, however, as to whether pre-surgical depression negatively impacts outcomes 
following bariatric surgery (Franks & Kaiser, 2008; Ma et al., 2006).  Rather, there is some 
evidence to suggest that pre-surgical depression may contribute to greater postoperative weight 
loss (Odom et al., 2010).  In addition, although post-surgical binge eating has been linked to poor 
weight loss outcomes (Niego, Kofman, Weiss, & Geliebter, 2007), the presence of an eating 
disorder prior to surgery may not negatively influence postoperative weight loss (de Zwaan et al., 
2010).  Thus, despite the comprehensive battery of pre-surgical screening measures that are 
encouraged, relatively little evidence supports that this pre-surgical assessment battery reliably 
predicts post-surgical outcomes. 
Outcomes Following Bariatric Surgery  
  Weight loss.  Following bariatric surgery, patients lose, on average, 65% of excess body 
weight (Buchwald, 2005), and it has been estimated that the typical bariatric surgery patient will 
reach this peak percentage of excess weight loss between one and five years post-surgery, with 
subsequent regain thereafter (e.g., Suter, Calmes, Paroz, & Giusti, 2006; Valezi, Junior, de 
Menezes, de Brito, & de Souza, 2010).  Percent excess weight loss is computed from the 
following calculation: ((Presurgical excess weight – current excess weight) / Presurgical excess 
weight) x 100, where excess weight equals total preoperative weight minus weight if BMI 
equaled 25 kg/m
2
.  In addition to dramatic weight loss, reduction in healthcare costs has been 
reported post-surgery (Cremieuz et al., 2008).  Within two to four years following surgery, cost 
savings from not using healthcare services are estimated to offset initial cost of the surgery, 
which is roughly $17,000 to $26,000.  Certain conditions account for these cost offsets, with a 
majority of patients showing reductions in obesity-related conditions including diabetes, 
hyperlipidemia, hypertension, sleep apnea, and cancer (Buchwald et al., 2004; Christou, 
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Lieberman, Sampalis, & Sampalis, 2008).  Compared to traditional medical treatment, bariatric 
surgery is a more effective treatment for obese and morbidly obese patients with type 2 diabetes 
(Mingrone et al., 2012; Schauer et al., 2012), and surgical treatment may help to reduce type 2 
diabetes regardless of the amount of post-surgical weight lost.  Improvements in quality of life 
and survival rates are also well documented (O‘Brien, 2010).  Several comprehensive reviews 
conclude that bariatric surgery is highly effective in directly promoting weight loss and indirectly 
reducing weight-related comorbid health conditions (e.g., Colquitt, Picot, Loveman, & Clegg, 
2009; Maggard et al., 2005).  However, while successful weight loss occurs for the majority of 
patients having bariatric surgery, about one fifth are unsuccessful (Benotti & Forse, 1995).  
Accordingly, researchers have attempted to identify psychological or behavioral variables that 
may hinder success rates.  
  Among non-bariatric surgery patients who have lost a large amount of weight, 
maladaptive eating behaviors such as an extensive history of weight cycling, binge eating, eating 
in response to negative emotions, and heightened dietary disinhibition (Elfhad & Rossner, 2005), 
as well as reduced dietary restraint (McGuire, Wing, Klem, Lang, & Hill, 1999), have been 
shown to elevate risk for weight regain over time.  Weight regain may also occur among those 
who fail to maintain positive behavioral changes.  Although it is anticipated that following 
bariatric surgery, failure to follow suggested behavioral changes, in addition to maladaptive 
eating behaviors, will result in poorer weight loss and maintenance outcomes, the literature 
examining this assertion is not clear.   
  Substance use.  Recent reports suggest that following bariatric surgery, patients may be 
at heightened risk for substance abuse and dependence (Ertelt et al., 2008).  Evidence also exists 
to suggest that there may be an overrepresentation of post-bariatric surgery patients in substance 
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abuse treatment (Saules et al., 2010), with over 90% of those patients having had the Roux-en-Y 
bypass procedure.  Given the higher lifetime prevalence of substance use disorders among those 
seeking bariatric surgery (e.g., Kalarchian et al., 2007), it would not be surprising if these were 
cases in which patients were relapsing to problems that were minimized or undetected at the time 
of surgery.  In fact, however, roughly half of such cases were patients who reported no prior 
history of problematic substance use (Wiedemann et al., 2010).  These findings take on 
additional significance in light of evidence that postoperative gastric bypass patients reach higher 
peak blood alcohol levels than age and BMI-matched controls, reach this level faster, and take 
longer to return to baseline (Hagedorn, Encarnacion, Brat, & Marton, 2007; Klockhoff, Näslund, 
& Jones, 2002).  Altered pharmacokinetics (faster absorption of ethanol and higher peak 
concentration) in post-bypass patients would suggest that alcohol may serve as a stronger 
reinforcer in this population, thereby placing such patients at greater risk of developing alcohol 
problems.  Physiological changes that result from gastric bypass surgery also help to explain 
heightened postoperative alcohol sensitivity.  Specifically, the portion of the stomach that 
secretes alcohol dehydrogenase, an enzyme that plays a significant role in alcohol metabolism, is 
circumvented following the Roux-en-Y gastric bypass procedure (Lee, Chau, Yao, Wu, & Yin, 
2006), and rapid emptying of the gastric pouch, particularly for liquids, facilitates quick 
absorption of alcohol into the jejunum (Horowitz, Collins, Harding, & Shearman, 1986).  Data 
on metabolism of other drugs are lacking, but it is reasonable to hypothesize that they might also 
be metabolized in a fashion that would enhance abuse liability.  Recent data suggest that this 
may extend to opiates prescribed for pain management and benzodiazepines (Wiedemann et al., 
2010).   
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 In recent years, parallels between eating and addictive behavior have been drawn 
(Pepino, Finkbeiner, & Mennella, 2009), with emphasis on shared clinical features and 
neurobiological mechanisms (Davis & Carter, 2009).  Activation of the mesolimbic dopamine 
(DA) system mediates the primary reinforcing characteristics of addictive substances (James, 
Gold, Liu, 2004; Koob, 2000; Salamone, Correa, Mingote, & Weber, 2003; Wang et al., 2004), 
and a reduction in the availability of DA receptors has also been found among the obese (Wang 
et al., 2004).  While a comprehensive review of brain reward circuitry is beyond the scope of this 
report, reviews discussing the role of neurotransmitters in establishing and mediating reward (see 
Schultz, 2000), as well as the neuroanatomy and connectivity of reward circuits (see Baxter & 
Murray, 2002), are available.  With respect to food reward, a prominent theory by Berridge 
(1996, 2009) suggests that food reward is composed of two distinct components: ―liking,‖ 
controlled by the endogenous opioid system, and ―wanting,‖ controlled by mesolimbic DA 
(Berridge, 2007, 2009; Havermans, 2011; Pecina & Smith, 2010).  Liking, or the hedonic value 
of a stimulus, refers to the immediate pleasure derived from eating a given food, while wanting, 
or incentive salience, refers to the motivation to eat influenced by situational factors such as the 
exposure to food and food-related cues.  This distinction between liking and wanting can also be 
applied to understand drug abuse (Berridge, Robinson, & Aldridge, 2009).  Specifically, neural 
sensitization to incentive salience results in the brain beginning to anticipate rewarding stimuli in 
response to cues that have been associated with these stimuli (e.g., drugs) in the past.  Incentive 
salience thus makes the stimulus (drug) more desirable and attractive, so regardless of whether 
the drug is concomitantly ―liked,‖ ―wanting‖ explains the development of uncontrolled addictive 
behavior (Robinson & Berridge, 1993, 2003, 2008). 
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 Initially driven by their rewarding properties, both the overconsumption of food and initial 
drug use involve activation of DA (Volkow, Wang, Fowler, & Teland, 2008; Volkow & Wise, 
2005), but may do so in slightly different ways.  Specifically, disordered eating may activate 
brain reward circuitry indirectly (Abizaid, Gao, & Hovarth, 2006), whereas drugs of abuse may 
activate the same circuitry through their direct chemical effects (Hyman, Malenka, & Nestler, 
2006).  Additionally, endogenous opioids may mediate the rewarding effects of both conditions 
(Pecina & Smith, 2010; Pelchat, 2002).  Therefore, some theoretical support exists for why an 
individual may experience difficulty in both domains (i.e., substance abuse and compulsive 
overeating), or shift from food to substance abuse when excessive eating is no longer an option 
(such as in the case following bariatric surgery).  High rates of post-bypass substance abuse have 
been documented (Saules et al., 2010), with a sizeable proportion of such patients evidencing no 
problematic substance use prior to surgery (Wiedemann et al., 2010).  Thus, not only may 
patients regain weight after a successful surgery, they may also be at risk for substituting a new 
―addictive‖ behavior that had been successfully overcome through surgery, a phenomenon that 
has been referred to as ―addiction transfer.‖   
  Quality of life (QOL).  Thought to tap physical health, emotional well-being, and 
psychological functioning, improvements in QOL following bariatric surgery are well 
documented (e.g., Kolotkin et al., 2003; Kolotkin, Crosby, & Williams, 2002; Kolotkin, Crosby, 
Williams, Hartley, & Nicol, 2001; O‘Brien, 2010).  Although marked improvement in health-
related QOL is common (e.g., Adams et al., 2010; Buchwald et al., 2004; Chang et al., 2010; 
Colquitt et al., 2009; O‘Brien, 2006; Picot et al., 2009), evidence is mixed as to whether 
successful postoperative weight loss accounts for improved QOL.  While some data suggest that 
improvements in QOL are independent of the amount of weight lost (Sears, Fillmore, Bui, & 
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Rodriguez, 2008), most studies indicate that patients‘ improved well-being is correlated with 
greater magnitude of weight reduction following treatment (McGuire et al., 1999; Hagedorn et 
al., 2007; Odom et al., 2010).  Certain factors may mitigate this association between weight loss 
and QOL.  In particular, substance abuse has been shown to negatively impact overall QOL 
among a sample of post-bariatric surgery patients enrolled in substance abuse treatment (Saules 
et al., 2011).  The association between QOL, weight loss, and substance-related outcomes 
following bariatric surgery, however, requires additional attention and clarification.  
Primary Constructs Hypothesized to Influence Outcomes following Bariatric Surgery 
  Relative Reinforcing Value of Food (RRV-F).  The RRV of any reinforcer refers to 
how hard someone is willing to work, or how much time they are willing to allocate, to earn the 
reinforcer (Bickel, Marsch, & Carroll, 2000; Epstein, Salvy, Carr, Dearing, & Bickel, 2010; 
Epstein & Saelens, 2000).  An index of the RRV of a particular commodity (e.g., food) can be 
gleaned by assessing the amount of work exerted to obtain one of two concurrently available 
alternatives, such as the choice between a certain amount of healthful or unhealthful food 
(Goldfield & Epstein, 2002).  In situations where one can choose between goods that have 
similar constraints on availability, the more reinforcing alternative is generally chosen (Epstein 
et al., 2010).  Reinforcers are classified as primary and/or secondary, with the former requiring 
no learning given that they are biologically pre-established to increase behavior (e.g., food 
seeking following a period of deprivation), and the latter gaining motivational strength through 
learning (e.g., food seeking in the absence of deprivation).  Food is a powerful motivator of 
behavior because it can satisfy physiological need and induce behaviors due to conditioned 
associations, thus serving as both a primary and secondary reinforcer.   
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  Choice for a less preferred, and thus less reinforcing, alternative can be manipulated in 
particular situations.  Specifically, while snack foods are generally found to be more reinforcing 
than fruits and vegetables, placing constraints on the availability (e.g., increasing behavioral 
costs) of snack food has been shown to shift food choice from the preferred choice (i.e., snack 
food) to the less preferred, yet more healthful, alternative (i.e., fruits and vegetables; Goldfield & 
Epstein, 2002).  Thus, techniques to modify eating and related behaviors contributing to general 
weight gain, and perhaps weight regain following bariatric surgery, can be better understood by 
assessing the RRV-F and other factors thought to alter choice for concurrent alternatives.  While 
the motivation to eat may increase under conditions of food deprivation (Epstein et al., 2010), 
food reinforcement may be reduced by increasing the costs to obtain food, providing alternative 
reinforcing options to eating, and reducing access to factors associated with unhealthy eating 
behavior (Epstein & Leddy, 2006).   
The RRV-F has been linked, more generally, to obesity (e.g., Epstein et al., 2010; Temple 
et al., 2009; Temple, Legierski, Giacomelli, Salvy, & Epstein, 2008).  For example, the literature 
suggests that overweight adults (e.g., Epstein et al., 2007; Saelens & Epstein, 1996; Temple et 
al., 2009) and children (e.g., Temple et al., 2008) find unhealthful (i.e., high-sugar, high-fat, 
high-carbohydrate) snack foods more reinforcing than their non-overweight counterparts.  It is 
hypothesized that because eating is highly reinforcing to the obese, this group of individuals may 
find fewer alternatives equally or more reinforcing relative to food-seeking behavior and eating 
(Doell & Hawkins, 1982; Jacobs & Wagner, 1984).  This subsequently heightens resistance to 
shifting choice away from eating to alternative activities.  As food deprivation has been shown to 
increase food reinforcement for high-sugar, high-fat, high-carbohydrate snack foods, the RRV-F 
may also play a role in the challenges associated with weight loss among the obese.  Specifically, 
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reducing energy intake to produce a negative energy balance is generally necessary for weight 
loss.  This practice usually involves some degree of food deprivation, and this restriction may 
increase the reinforcing value of food (Raynor & Epstein, 2003) and, subsequently, increase 
energy intake (Telch & Agras, 1996).  Animal research has consistently shown that sugar content 
may influence the rewarding value of food by activating DA and endogenous opioid reward 
pathways (e.g., Avena, Rada, & Hoebel, 2008; Avena, Rada, Moise, & Hoebel, 2006).  In 
laboratory studies of human food choice behavior, sugar content has also been demonstrated to 
be a property of food that drives reward processes (Epstein, Carr, Lin, & Fletcher, 2011; Reslan, 
Saules, & Greenwald, 2012a).  This association was not upheld with high-carbohydrate, high-fat, 
or high-protein foods.  Despite compelling evidence linking the RRV of unhealthy snack food, 
particularly those high in sugar, to obesity and less weight loss in non-bariatric surgery patients, 
investigations assessing the association between the RRV-F and bariatric surgery outcomes have 
yet to be conducted.   
The rewarding value of foods judged as hedonically pleasing (e.g., pizza and cakes) may 
be reduced following bariatric surgery.  Specifically, a reduction in the activation of mesolimbic 
reward pathways during exposure to high-caloric food cues has been found one month following 
surgery (Ochner, Kwok, et al., 2011).  However, the association between postoperative 
reductions in mesolimbic brain reward activation and weight loss outcomes remains unclear, and 
it is unknown whether this association is attenuated among those who experience poor weight 
loss following bariatric surgery.  Gastric bypass surgery may also alter food preferences and taste 
perception in both animals (e.g., Hajnal et al., 2010; Tichansky et al., 2011) and humans (e.g., 
Miras & le Roux, 2010; Tichansky, Boughter, & Madan, 2006).  In particular, post-gastric 
bypass patients may find sweet tasting foods more intense and unpleasant, and they thus 
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consume less sweet, high-calorie food following surgery.  One report hypothesizes that if obesity 
surgery does indeed alter taste hedonics, it does so via glucagon-like peptide-1 (GLP-1) and 
postprandial peptide YY (PYY) availability and input to the taste signal pathways (Miras & le 
Roux, 2010).  Postingestive side effects following the consumption of sweet foods (e.g., 
dumping syndrome) are also common among post-gastric bypass patients (e.g., Cummings, 
Overdun, Foster-Schubert, 2004; Miras & le Roux, 2010; Sugerman et al., 1987), which may 
further reduce the reinforcing value of sweet foods to this population.  To clarify, dumping 
syndrome is a condition characterized by dizziness, nausea, excessive perspiration, and diarrhea 
following the consumption of sweet foods.  While not all post-gastric bypass patients experience 
dumping syndrome following surgery, this condition never occurs among those who undergo 
gastric banding surgery, suggesting that dumping may be due to alterations in the connection 
between the stomach and the small intestine.   
There are a variety of changes (e.g., reductions in the activation of mesolimbic reward 
circuitry, perceptual changes in taste, and negative physiological responses to particular foods) 
that may influence food-seeking behavior and food reward following bariatric surgery.  
However, the association between the actual consumption of particular foods following surgery 
and weight loss outcomes is inconsistent.  Whereas some studies suggest there is no difference in 
the amount of weight lost between self-identified sweet eaters relative to non-sweet eaters 
(Hudson, Dixon, & O‘Brien, 2002), others find that sweet eaters show less weight loss at two 
and three years post-bariatric surgery (Sugerman et al., 1987).  One report suggests that at three 
years post-gastric bypass, those who are heavier than their ideal body weight report frequent 
ingestion of high-fat junk food (e.g., potato chips), and deny the presence of dumping syndrome 
(Sugerman et al., 1987).  Given that associations between the RRV-F, food preferences, actual 
 
 
17 
food consumption and weight loss outcomes following bariatric surgery are complex, these 
relationships were explored further in the present investigation.  
Delayed Discounting for Food (DD-F).  As is the case with RRV-F, studies have not yet 
investigated the influence of DD-F on outcomes following bariatric surgery.  DD is operationally 
defined as the degree to which the subjective value of rewards decreases with time, as 
individuals high in DD commonly devalue delayed consequences (e.g., Rachlin & Green, 1972).  
It has been proposed that DD may underlie impulsive decision-making (e.g., Bickel & Marsch, 
2001).  Reduced ability to restrain impulses and delay gratification is characteristic of individuals 
with problematic substance use, who tend to choose immediate, short-term rewards of drug use 
over delayed, larger rewards (e.g., Petry, Bickel, & Arnett, 1998; Reynolds et al., 2004).  
Parallels can be seen in the lack of self-control common to compulsive overeating (Weller, Cook, 
Avsar, & Cox, 2008).  To their detriment, both individuals with problematic substance use and 
those suffering from obesity (resulting from compulsive overeating) may discount larger, but 
distant, reinforcers such as good health.   
DD is often used as a proxy measure of impulsivity (Christakou et al., 2011; Rollins, 
Dearing, & Epstein, 2010), as those high in impulsivity generally choose smaller, immediate 
rewards relative to larger, delayed rewards.  However, as a complex construct, ―impulsivity‖ has 
several facets that may not be correlated with one another.  Thus, DD may not fully reflect all 
aspects of impulsivity.  Impulsivity is defined as acting without careful deliberation, planning, or 
consideration of potential consequences (Dawe & Loxton, 2004).  Important to making 
advantageous decisions is the understanding and consolidation of rewards and punishments 
associated with a particular behavior.  This task, however, is more difficult for those high in 
impulsivity (Franken, van Strien, Nijs, & Muris, 2008).  Impulsive decision making has 
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consistently been found to be associated with obesity in adults (e.g., Epstein et al., 2010; Nasser, 
Gluck, & Geliebter, 2004; Weller et al., 2008) and children (Francis & Susman, 2009; Geller, 
Keane, & Scheirer, 1981; Johnson, Parry, & Drabman, 1978; Seeyave et al., 2009).  Specifically, 
obese individuals exhibit a greater inability to delay gratification for food relative to their leaner 
counterparts.  An inability to delay gratification, however, has been shown to predict weight gain 
(Francis & Susman, 2009; Seeyave et al., 2009).  Thus, the present investigation assessed the 
association between weight gain and impulsivity among post-bariatric surgery patients, 
hypothesizing that higher DD-F would be associated with difficulty maintaining weight loss over 
time secondary to struggles delaying the consumption of palatable foods.  
  The vast majority of previous research has employed DD tasks that compare discounting 
for food versus money (e.g., Weller et al., 2008) or drugs (e.g., Odum & Rainaud, 2003).  Only 
recently have researchers begun applying DD tasks to specifically assess food-related 
impulsivity using food versus food choices (rather than food versus non-food choices).  This is a 
primary drawback of previous research because, when compared to other hypothetical 
reinforcers, food is generally discounted more steeply than its alternative, such as hypothetical 
monetary rewards (Odum, Baumann, & Rimington, 2006; Odum & Rainaud, 2003).  Stated 
differently, consumable rewards (e.g., food) may lose their value more quickly relative to non-
consumable rewards (e.g., money).  Stimulus-specific discounting patterns for individuals 
experiencing these outcomes (e.g., food versus food choice for compulsive overeaters) may thus 
be more informative.   
  Studies rarely examine food-specific discounting patterns among obese individuals, and 
investigations assessing DD-F-related stimuli among post-bariatric surgery patients are 
completely absent from the literature.  One cross-sectional study examined food versus food 
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decision making (e.g., one bite now versus larger number of bites after a delay) in relation to 
weight among a small sample (N = 60) of university students (Rasmussen, Lawyer, & Reilly, 
2010).  In that study, percent body fat uniquely predicted DD for hypothetical food choices.  This 
finding supports the notion that impulsive responding may enhance the likelihood that one will 
gain weight, given that percent body fat was elevated among those who made more impulsive 
food-related decisions.  
  Past research has failed to detect a difference in responding when participants were 
offered hypothetical versus real rewards (Lagorio & Madden, 2005; Madden et al., 2004); hence, 
the use of hypothetical rewards has been supported as a valid procedure in the study of DD.  
Unfortunately, researchers who have previously examined food-related discounting have used 
amounts of hypothetical food larger than would be possible to consume in one sitting (e.g., Estle, 
Green, Myerson, & Holt, 2007; Odum et al., 2006).  This reduces generalizability of study 
findings as there are inherent difficulties drawing implications from these findings about short-
term food decisions representative of day-to-day food-related decision making.  This limitation 
was not evident in the investigation conducted by Rasmussen and colleagues (2010), as they 
employed smaller amounts of hypothetical foods choices consumable in a single sitting.  
Unfortunately, the study was not without limitations.  In particular, a relatively small sample of 
university students was recruited, and participants were asked to visualize their preferred food, 
without specifying what type of food was to be envisioned.  Notably, however, the type of food 
that is preferred may have important implications in terms of health-related outcomes, but this 
important variable was not well controlled in this study.  The current investigation built on the 
findings of Rasmussen and colleagues (2010), as a DD task assessing choice for a smaller 
amount of food now (e.g., 1 piece) or a larger amount of the same food (e.g., 1 bag) following a 
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delay was employed.  The proposed investigation also recruited a sample larger in size, in 
addition to specifying a priori the type of food to be envisioned.  As impulsive food-choice 
behavior was thought to be an important predictor of weight regain in post-bariatric populations 
(Bond et al., 2009), the proposed investigation deployed a DD-F task to a sample of post-
bariatric surgery patients.     
Recently, a compelling argument linking the RRV-F and DD-F was proposed, suggesting 
that the combination of high food reinforcement and inability to delay gratification is the profile 
contributing most to obesity (Appelhans, 2009; Epstein et al., 2010).  For instance, an individual 
who finds food to be highly reinforcing but is low in impulsivity may possess sufficient self-
regulatory capabilities to inhibit or regulate food consumption, despite its elevated reinforcing 
strength.  While the RRV-F, but not DD-F, has been independently associated with energy intake 
and obesity (Rollins et al., 2009), the combination of finding palatable food highly reinforcing 
and low behavioral inhibition is hypothesized to be the most problematic symptom cluster 
contributing to heightened energy intake.  Likewise, theories of drug addiction posit that critical 
to drug abstinence is the ability to inhibit the motivation to consume drugs and reduce 
discounting of future adverse consequences associated with drug use (Bickel, Miller, Yi, Kowal, 
Lindquist, & Pitcock, 2007).  Thus, a similar logic may be applied to hedonic-motivated eating 
(i.e., eating for pleasure), or overeating.  The hypothesis is that healthful eating involves a 
balance between the motivation to eat, theoretically regulated by food reinforcement, and ability 
to control the impulse to eat (Appelhans, 2009; Epstein et al., 2010; van den Bos & de Ridder, 
2006), theoretically regulated by DD. 
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Documented Eating-Related Factors Associated with Outcomes Following Bariatric 
Surgery 
  Binge eating.  Binge eating, defined as the consumption of an unusually large amount of 
food in a short period of time, with associated feelings of loss of control, is a hallmark feature of 
eating disorders such as bulimia nervosa and binge eating disorder (BED; APA, 2000).  Binge 
eating is important to the development of obesity, and it is associated with medical and 
psychiatric comorbidity in both the obese and non-obese populations (e.g., Bulik, Sullivan, & 
Kendler, 2002; Reichborn-Kjennerud, Bulik, Sullivan, Tambs, & Harris, 2004; Wilfley, 
Friedman, Dounchis, Stein, Welch, & Ball, 2000; Yanovski, Nelson, Dubbert, & Spitzer, 1993).  
A lifetime history of BED is significantly associated with Class III obesity (Hudson, Hiripi, 
Pope, & Kessler, 2007), and individuals who binge eat have been found to display a greater 
vulnerability to obesity than healthy controls (Fairburn, Doll, Welch, Davies, & O‘Connor, 
1998).  As approximately 15% to 30% of obese treatment-seekers report some form of binge-
eating behavior (Womble, Williamson, Martin, Zucker, Thaw, & Netermeyer, 2001), gaining 
further understanding of the mechanisms that precipitate and perpetuate this pathological eating 
behavior is warranted.    
  Binge eating is common among the morbidly obese (Hsu et al., 1998), and prevalence 
estimates among bariatric surgery patients range from 39% (Kalarchian, Wilson, Brolin, & 
Bradley, 1999) to 46% (Adami, Gandolfo, Bauer, & Scorpinaro, 1995).  Some suggest that the 
presence of a preoperative eating disorder, such as BED, significantly elevates risk for 
developing another eating disorder following bariatric surgery (de Zwaan et al., 2010; Hsu et al., 
1998).  Research on whether preoperative binge eating and BED negatively impact postoperative 
weight loss outcomes, however, has yielded inconsistent findings.  Some reports suggest that 
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preoperative binge eating predicts less weight loss, yet others suggest that there is no association 
between preoperative disordered eating and post-bariatric surgery weight loss (Burgmer et al., 
2005; Fujioka, Yan, Wang, Li, 2008; Niego et al., 2007; Latner, Wetzler, Goodman, & Glinski, 
2004; Sallet et al., 2007; White, Masheb, Rothschild, Burke-Martindale, & Grilo, 2006).  
Postoperative struggles with maladaptive eating behaviors, such as binge eating and ―grazing‖ 
(see next section), have been associated with less weight loss and more weight regain following 
surgery (Colles, Dixon, O‘Brien, 2008; de Zwaan, 2005; Niego et al., 2007), although these 
results are also inconsistent (Burgmer et al., 2005).  Studies assessing post-surgical patients who 
regain weight suggest that consuming larger quantities of sweet foods (Sugerman et al., 1987), 
large portions of soft foods or liquids (e.g., alcohol; Yale & Weiler, 1991), and/or continuous 
snacking (e.g., grazing; Colles et al., 2008) may be common culprits of poorer postoperative 
weight loss outcomes.   
  It is inherently difficult, however, to distinguish between normal eating and pathological 
eating after surgery.  Specifically, postoperative eating behavior will be different from the eating 
behavior of those who do not undergo bariatric surgery because gastric bypass patients are 
surgically forced to restrict portion sizes.  As physical constraints on eating are a reality among 
postoperative patients, Niego and colleagues (2007) highlight that studies that do not include the 
―large amount of food‖ criteria essential to the diagnosis of BED tend to find that binge eating 
persists in post-bariatric patients, typically reemerging 18-35 months post-surgery.  Two forms 
of binge eating have been operationalized and investigated among post-bariatric surgery patients 
(de Zwaan et al., 2010).  Subjective binge eating refers to eating a subjectively large amount of 
food and feeling a loss of control over eating, while objective binge eating has been 
operationalized as consuming an objectively large amount of food while also experiencing a loss 
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of control over eating.  Objective binge eating aligns with the diagnostic criteria for BED but 
may be less common among post-bariatric surgery patients given physical constraints placed on 
eating (e.g., reducing stomach capacity).  On the other hand, subjective binge eating has been 
found to be related to poor post-surgical weight loss outcomes (de Zwaan et al., 2010).  Although 
binge eating (e.g., Hudson et al., 2007), food reinforcement (e.g., Temple et al., 2009), and 
impulsivity (e.g., Davis, Patte, Curtis, & Reid, 2010) have all been linked to obesity, the present 
study is the first study to investigate this relationship and potential interaction among these 
variables in relation to post-bariatric surgery outcomes.     
  Grazing.  The literature suggests that preoperative binge eaters may become 
postoperative grazers (Saunders, 2004).  Grazing, or the consumption of smaller amounts of food 
over extended periods of time, has been reported both preoperatively (Busetto et al., 2002; 
Busetto et al., 2005) and postoperatively (Saunders, 2004), but the possible relationship between 
grazing and post-surgical weight loss outcomes has received minimal attention.  Grazers 
generally report lower overall excess weight loss and dietary restraint, as well as higher hunger 
and disinhibition (Colles et al., 2008).  It is thus surprising that grazing has received minimal 
attention, given that surgical constraints placed on eating both permit and facilitate this eating 
pattern.  It is important to understand the contribution of food reinforcement and impulsivity to 
this eating pattern, as well as its possible association with weight regain following bariatric 
surgery.   
  Craving.  The inability to control cravings for a particular substance (e.g., food or drugs) 
poses a serious threat, as chronic relapse to drug addiction and weight cycling are often 
associated with difficulty controlling cravings (Addolorato, Leggio, Abenavoli, & Gasbarrini, 
2005; Anton, 1999; Budak & Thomas, 2009; Davis & Carter, 2009; Kober et al., 2010; Pelchat, 
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2002; Petroni et al., 2007; Rogers & Smit, 2000).  The ability to manage food cravings has been 
identified as a predictor of successful weight loss and maintenance (e.g., Budak & Thomas, 
2009; Klem, Wing, McGuire, Seagle, & Hill, 1997).  Self-regulation of food urges is important 
with respect to weight loss (Gendall, Joyce, Sullivan, & Bulik, 1998) and the converse, an 
inability to self-regulate and control cravings, may promote food seeking and subsequently 
contribute to less weight loss (Burgmer et al., 2005).  Results from functional neuroimaging 
studies show that effective regulation of craving for both food and addictive substances involves 
activation of the prefrontal cortex (Del Parigi et al., 2007; Kober et al., 2010), which has been 
identified as important to inhibitory control, decision making, and impulsivity.  It is likely that 
food cravings will be enhanced for individuals who find food highly reinforcing.  Additional 
research assessing food urges is thus important, as this may be critical to the maintenance of 
bariatric surgery weight loss (Odom et al., 2010).    
Theoretically Viable Eating-Related Factors Predicting Outcomes Following Bariatric 
Surgery 
Dietary restraint and disinhibition.  Dietary restraint refers to a tendency to 
consciously restrict or control food intake, while dietary disinhibition refers to the tendency to 
overeat in the presence of palatable foods or other disinhibiting stimuli (e.g., emotional stress; 
Stunkard & Messick, 1988).  Restraint theory suggests that susceptibility to binge eating is 
enhanced among those who consciously attempt to restrict food intake for the purpose of weight 
control (Polivy & Herman, 1985), especially under conditions of heightened stress, as this may 
perpetuate a cycle of disinhibited eating.  The motivation to eat (i.e., RRV-F) may thus be 
intensified when restricting food intake (Epstein, Truesdale, Wojcik, Paluch, & Raynor, 2003; 
Polivy, Coleman, & Herman, 2005; Raynor & Epstein, 2003).  As traditional weight loss 
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treatment emphasizes energy restriction or deprivation for highly preferred, but commonly 
unhealthful foods (i.e., dieting), restraint theory predicts poor weight loss outcomes (Bulik, 
Sullivan, Joyce, Carter, & McIntosh, 1998; Corwin, 2000; Polivy, 1996).  It is necessary to 
expand these findings to post-bariatric surgery outcomes, however, as postoperative patients are 
also (in addition to medical advice) forced to restrict caloric intake due to surgical constraints 
placed on eating.  Dietary restriction is thought to influence food choice decision making by 
increasing the incentive salience of a reinforcer and thus enhancing the attention focused on the 
desired stimuli (Raynor & Epstein, 2003).  This may inadvertently enhance the reinforcing value 
of a stimuli (e.g., food) and increase the desire to obtain it.  As the reinforcing value of palatable 
food increases, its consumption typically increases (Epstein & Saelens, 2000), and the RRV of 
substitutable alternatives is reduced.  An extreme form of restriction, food deprivation has also 
been shown to decrease self-control and increase food reinforcement in humans (Kirk & Logue, 
1997; Logue & King, 1991).  Decreased self-control associated with food deprivation is 
hypothesized to be a consequence of the increased incentive salience of a reinforcer 
(Eisenberger, Masterson, & Lowman, 1982).  
 Restraint often leads to disinhibition, the consequence of which predicts an obesigenic 
eating style (e.g., Bryant, King, & Blundell, 2008), increased food intake (Lindroos et al., 1997; 
Lowe & Kleifield, 1988; Ouwens, van Strien, & van der Staak, 2003; van Strien, Cleven, & 
Schippers, 2000; Yeomans, Tovey, Tinley, & Haynes, 2004), and weight gain (Hays & Roberts, 
2008).  Disinhibition may also contribute to heightened consumption of sweet foods (Haynes, 
Lee, & Yeomans, 2003) and daily fat intake (d‘Amore et al., 2001).  Consistently, results suggest 
that following surgery, restraint tends to increase, whereas disinhibition decreases (Adami, 
Gandolfo, Dapueto, Jurich, & Scopinaro, 1993; Burgmer et al., 2005; Hsu, Betancourt, Sullivan, 
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1996; Guisado et al., 2001; Kalarchian et al., 1999; Karlsson, Sjostrom, & Sullivan, 1998; Lang, 
Hauser, Buddeberg, & Klaghofer, 2002; Nickel et al., 2005; Guisado Macias, & Vaz Leal, 2003).  
The relationship between post-surgical restraint and disinhibition and postoperative weight loss 
outcomes, however, is less clear.  The proposed investigation sought to better understand the 
association between dietary restraint, disinhibition, post-bariatric surgery outcomes, food 
reinforcement, and impulsivity.   
  Nocturnal eating.  Night eating syndrome (NES) refers to a pattern of eating 
characterized by morning anorexia, evening hyperphagia, sleep difficulty, mood disturbance, and 
recurrent awakenings from sleep to eat (Colles & Dixon, 2006).  NES has received little attention 
as a factor associated with post-bariatric surgery weight loss outcomes (Powers, Perez, Boyd, & 
Rosemurgy, 1999; Latner et al., 2004), despite the high prevalence of this condition among obese 
treatment seekers (Colles & Dixon, 2006).  In studies that have investigated the relationship 
between postsurgical NES and weight loss, higher post-surgical BMI is associated with NES at 
16 months post-surgery (Latner et al., 2004).  Although not yielding statistically significant 
differences, one report suggests that at one year post-bariatric surgery, nocturnal eaters lost 43% 
excess weight, relative to the 51% excess weight lost by their non-nocturnal eating counterparts 
(Colles et al., 2008).  As studies documenting the relationship between nocturnal eating and 
weight loss are still in their infancy, further replication and extension of these findings are 
necessary.   
  Emotional eating.  A variety of emotional states may influence eating (Greeno & Wing, 
1994; Laitinen, Ek, & Sovio, 2002; Pecoraro, Reyes, Gomez, Bhargava, & Dallman, 2004), 
particularly depressed mood (Berlin & Lavergene, 2003; Willner et al., 1998).  The effect of 
mood states on eating behavior may be partially mediated, however, by differences in the RRV-
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F.  For instance, the reinforcing value of sweet foods is enhanced following the induction of a 
depressive mood state in both animals and humans (Willner et al., 1998).  Related work suggests 
that interpersonal or ego-related stress may enhance the RRV-F among binge eaters relative to 
non-binge eaters (Goldfield, Adamo, Rutherford, & Legg, 2008).  Depressed mood is associated 
with both obesity (Lee, Kim, Beck, Less, & Oh, 2005) and the reinforcing value of specific foods 
(Willner et al., 1998).  Thus, understanding associations between the RRV-F, post-surgical 
weight loss outcomes, and emotional eating is of the utmost importance.  While the association 
between preoperative depression and postoperative weight loss is inconsistent (Franks & Kaiser, 
2008; Ma et al., 2006; Odom et al., 2010), post-surgery, less successful weight loss outcomes are 
reported for those who are depressed (Kinzl et al., 2006).   
Preliminary Studies  
Validating a behavioral economic approach to assess food demand (Reslan, Saules, 
& Greenwald, 2011; Reslan, Saules, & Greenwald, 2012a).  To date, most human behavioral 
economic research has focused on drug choice.  Behavioral economic studies of drug choice 
emphasize two fundamental principles that influence drug-seeking behavior (Bickel et al., 1998; 
Vuchinich & Tucker, 1988).  First, consumption of a reinforcer (i.e., drug) tends to decrease 
when constraints on access (e.g., price) are increased, and second, consumption is affected by the 
availability of concurrent alternative reinforcers.  The same model may be applicable to the study 
of food choice behavior. 
The purpose of this recently published preliminary work was two-fold.  First, we aimed 
to extend the model underlying behavioral economic studies of drug choice to food choice.  We 
sought to accomplish this by validating a human experimental approach to food-choice behavior 
among a sample of university students.  Our second aim was to assess associations between 
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individual level factors that may impact laboratory food choice behavior, such as BMI, DD-F, 
and dietary restraint.  Two studies were conducted to accomplish these aims.  Candidates were 
first screened using online survey methodology.  Those who met eligibility criteria were invited 
to the laboratory to complete either a consecutive food choice (Study 1) or concurrent food 
choice (Study 2) experiment in which they could work on a computerized progressive ratio task 
to earn units of two different food types.  For a full description of study methodology, see 
Reslan, Saules, and Greenwald (2012a).  Briefly, the computer program for the choice procedure 
automatically recorded each food choice and responses that participants made.  Demand curves 
were generated to examine the proportion of the sample that chose the food (―group-percent 
choice‖) across all unit prices (defined by the within-session, progressive ratio response 
requirements).  Demand curves are inelastic when proportional changes in consumption are 
small relative to proportional changes in the unit price of the reinforcer (i.e., slope less than -1).  
The demand curve is elastic when proportional changes in consumption become large relative to 
proportional changes in the unit price of the reinforcer (i.e., slope greater than -1; Hursh & 
Winger, 1995). The unit price at which food demand shifts from being price-inelastic (at lower 
prices) to being price-elastic (at higher prices), i.e. slope equals -1, is called Pmax.  In this 
paradigm, food consumption that remains elevated despite escalation of unit price (i.e. price-
inelastic) is consistent with having a higher RRV-F. 
In study 1, the sample was composed of 17 female undergraduate college students from a 
Midwestern university.  Participants were 67% Caucasian and 33% African American, with a 
mean BMI of 23.33 (SD = 3.72).  Participants ranged in age from 18 to 43, with the majority 
(71%) in the 18-21-year-old category.  Results from study 1 suggested that demand for the high-
sugar/high-fat food (Dove Milk Chocolate
TM
) was modestly but significantly more inelastic than 
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for the low-sugar/low-fat food (Teddy Grahams
TM
), Pmax = 663 vs. 494, respectively, F(1, 17) = 
6.45, p < .05.  Stated differently, demand curves differentiated the RRV of two food choices, as 
the more-palatable (high-sugar/high-fat) option maintained a greater reinforcing value than the 
less-palatable (low-sugar/low-fat) option at higher unit prices (response costs).  Results thus 
demonstrated that the demand curve for the hypothesized more-palatable food (e.g., high-
sugar/high-fat) could be generated in the direction expected. 
 
 
 
 
Figure 1. Demand for high-
sugar/high-fat (Dove Milk 
Chocolate
TM
) vs. low-sugar/low-fat 
(Teddy Grahams
TM
) in consecutive 
choice sessions.  Pmax values are 
provided above the demand curve 
for the high-sugar/high-fat food and 
below the demand curve for the low-
sugar/low-fat option.   
 
 
In study 2, the objective was to establish the reinforcing efficacy of palatable food option 
(i.e., chocolate) relative to a less-palatable food option (i.e., cheddar cheese) in concurrent-food 
choice sessions and to explore the influence of individual level factors such as BMI, dietary 
restraint, and impulsivity (assessed using a questionnaire measure of DD-F) on food choice 
responding.  Because it was difficult to draw conclusions from study 1 as to which food 
ingredient (sugar or fat) influenced participant responding, in study 2 the two food options 
selected differed only in sugar content (Hershey Milk Chocolate Kisses
TM
: 4.55 g, 16.7 cal, 1.33 
g fat, 2.55 g sugar; Kraft Cheddar Cheese Cube
TM
: 4.54 g, 15.0 cal, 1.38 g fat, 0 g sugar).  
 In study 2, the sample included 21 female undergraduate college students from a 
Midwestern university.  Participants were 62% Caucasian, 24% African American, 10% Middle 
Eastern, and 5% Hispanic, with a mean BMI of 26.72 (SD = 5.99).  Participants ranged in age 
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from 18 to 44, with a relatively even distribution across age categories.  Results suggest that 
demand for the high-sugar/high-fat (Hershey Milk Chocolate Kiss
TM
) and low-sugar/high-fat 
food (Kraft Cheddar Cheese
TM
 cube) did not significantly differ in the overall sample (Pmax= 449 
vs. 388, respectively), but there were significant subgroup differences in concurrent food choice.  
Notably, demand for the high-sugar/high-fat food (see Figure 2, left panel) was more inelastic for 
overweight subjects (n = 11) than their non-overweight counterparts (n = 9), Pmax = 586 vs. 351, 
F(1,16) = 14.71, p < .01.  In contrast, demand for the low-sugar/high-fat food (see Figure 2, right 
panel) was more inelastic for non-overweight than overweight participants, Pmax = 577 vs. 339, 
F(1,17) = 5.06, p < .05.  
 
 
 
 
 
 
 
Figure 2. Demand for high-sugar/high-fat (Hershey Milk Chocolate Kiss
TM
) vs. low-sugar/high-
fat (Kraft Cheddar Cheese Cube
TM) as a function of BMI (High BMI = overweight [BMI ≥ 25 
kg/m
2
], Low BMI = not overweight [BMI < 25 kg/m
2
]).  
 
Participants with a score of 10 or greater on the Restraint subscale of the Three Factor 
Eating Questionnaire (TFEQ; see Measures, below, for description) were classified as restrained 
eaters, which is a similar cut score employed in other investigations assessing dietary restraint 
using the TFEQ (e.g., Brunstrom, Yates, & Witcomb, 2004).  Demand for the high-sugar/high-
fat food was significantly more inelastic for Restrained (n = 12) than Unrestrained eaters (n = 9), 
Pmax= 632 vs. 297, F(1,15) = 27.36, p < .001 (see Figure 3, left panel), whereas for the low-
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sugar/high-fat food, the opposite pattern was observed (i.e., more inelastic for Unrestrained than 
Restrained eaters), Pmax = 278 vs. 711, F(1,15) = 11.91, p < .01 (see Figure 3, right panel).   
 
 
Figure 3. Demand for high-sugar/high-fat (Hershey Milk Chocolate Kiss
TM
) vs. low-sugar/high-
fat (Kraft Cheddar Cheese Cube
TM
) food among restrained and unrestrained eaters. 
 
Participants were classified from their DD-F choices (see Measures, below, for 
description of this task) as High-Impulsive (n = 9) or Low-Impulsive (n = 11) subjects.  Demand 
for the high-sugar/high-fat option (see Figure 4, left panel) was significantly more elastic for 
High- vs. Low-Impulsive subjects, Pmax = 407 vs. 546, F(1,17) = 5.89, p < .05.  Similarly, 
demand for the low-sugar/high-fat option (see Figure 4, right panel) was more elastic for High- 
vs. Low-Impulsive subjects, Pmax = 217 vs. 594, F(1,16) = 26.73, p < .001.  
 
Figure 4. Demand for high-sugar/high-fat (Hershey Milk Chocolate Kiss
TM
) vs. low-sugar/high-
fat (Kraft Cheddar Cheese Cube
TM
) food as a function of impulsivity. 
 
 
32 
 
Overall, findings from studies 1 and 2 suggest that more demand-inelastic (price-
resistant) behavior was evident for the high-sugar/high-fat food (chocolate).  However, the 
relative value of this option partly depended on the food comparator (i.e., low-sugar/low-fat or 
low-sugar/high-fat).  In study 2, significant group differences in food demand elasticity were 
influenced by BMI, dietary restraint, and impulsivity.  Overweight participants exerted more 
effort to earn chocolate and less effort to earn cheese than their non-overweight counterparts.  
This finding is consistent with the notion that sweet foods may be more reinforcing for obese, 
non-bariatric individuals to maintain energy intake (Forslund, Togerson, Sjostrom, & Lindroos, 
2005).  Among Restrained eaters, demand for the more palatable food option (i.e., chocolate) 
was more inelastic than the non-palatable option (i.e., cheese), while the reverse pattern was 
observed for Unrestrained eaters.  This finding provides support for the commonly held notion 
that attempts to restrict eating may specifically enhance desire for more palatable foods (Polivy 
et al., 2005).  With respect to impulsivity, participants classified as high-impulsive were more 
price-sensitive to both reinforcers (i.e., chocolate and cheese), which is consistent with the idea 
that impulsive subjects desire smaller, more immediate outcomes (Bickel et al., 1998).  Given the 
current findings, it is likely that other important individual differences impacting food choice 
behavior exist.   
Validating the behavioral economic choice paradigm for assessing food demand 
among post-weight loss surgery patients (Clark, Reslan, Saules, & Greenwald, 2012).  As 
previously mentioned, we validated that the behavioral economic approach can be used to study 
laboratory food choice behavior among a non-clinical sample of college students (Reslan et al., 
2012a).  In a recent follow-up pilot study, we expanded this methodology to post-bariatric 
surgery patients, as food choice behavior may be important in determining weight regain 
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following weight loss surgery.  Participants (N=12) completed two concurrent choice sessions.  
Because weight loss surgery (WLS) patients tend to find sweet-tasting foods more intense and 
unpleasant (Miras & le Roux, 2010) and may experience post-ingestive side effects after 
consuming sweet foods (i.e., dumping syndrome), the food comparisons used were Task 1) 
High-Fat/High-Carbohydrate (Original Pringles) vs. No-Fat/High-Carbohydrate (Fat-Free 
Pringles) and Task 2) High-Fat/High-Carbohydrate (Original Pringles) vs. No-Fat/Low-
Carbohydrate (Baby Carrots).  Notably, 11 of the 12 participants were above the 50% Excess 
Weight Loss (EWL) cut-off used to classify successful WLS outcomes, and their experimental 
food choice data support this.  For Task 1, mean progressive ratio breakpoint (i.e., highest 
response requirement completed) for No-Fat/High-Carbohydrate chips was 7.7 times greater than 
for High-Fat/High-Carbohydrate chips.  For Task 2, mean breakpoint was 3.7 times greater for 
No-Fat/Low-Carbohydrate Carrots than for High-Fat/High-Carbohydrate chips.  As Figure 5 
shows, demand curves fitted to the group-percent choice means (n = 11 successful bariatric 
patients) across unit prices exhibit a parallel shift or a change in demand intensity but no 
significant difference in demand elasticity (curvature).   
 
 
 
Figure 5. Bariatric patients‘ demand for High-Fat/High-Carbohydrate food vs. No-Fat/High-
Carbohydrate (left panel) and No-Fat/Low-Carbohydrate (right panel) foods.  
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Results suggest that the healthier option was selected more often overall, reflecting the 
successful surgical outcome of our sample.  These preliminary findings provide initial support 
for the validity of using this choice paradigm with bariatric surgery patients.  This behavioral 
economic approach offers a unique perspective regarding variables that may influence food 
choice, and these findings have led to the development of hypotheses regarding the importance 
of the RRV-F and impulsivity on food choice behavior following bariatric surgery.  Although in 
preliminary studies we assessed food choice in the laboratory, we recently began to explore food 
choice through more cost-effective means (i.e., online questionnaire measures of the RRV-F and 
DD-F).  This burgeoning research area assessing food choice behavior among post-bariatric 
surgery patients has direct implications for individuals seeking bariatric surgery.  
Validation of an online questionnaire measure of the RRV-F (Reslan, Saules, and 
Greenwald, 2012b).  Food choice and preferences are manifestations of the RRV-F.  While 
laboratory methods and paper-and-pencil questionnaires to assess the RRV-F have been 
developed and validated, we conducted the first study to validate an online questionnaire 
measure of the RRV-F.  Participants included 281 undergraduate college students who 
completed an online survey assessing demographic variables, food preferences, the RRV-F, and 
DD-F (1 Hershey Milk Chocolate Kiss
TM
 now versus 1 bag of 75 Chocolate Kisses
TM
 in [5 to 
180] min).  The RRV-F questionnaire entailed choices between two food options, a high-
sugar/high-fat (Hershey Milk Chocolate Kisses
TM
) or a low-sugar/high-fat (Kraft Cheddar 
Cheese Cubes
TM
) food.  A subsample (n = 21) also completed a laboratory food choice session.  
As these were the same subjects as study 2 from Reslan et al. (2012a), their experimental food 
choices paralleled those available on the RRV-F questionnaire (1 Kraft Cheddar Cheese Cube
TM
 
after 5 button presses vs. 1 Hershey Milk Chocolate Kiss
TM
 after [5 to 2275] button presses.  The 
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online RRV instrument showed strong predictive validity for laboratory food choice behavior, as 
well as convergent validity with BMI.  Discriminant validity was supported by a lack of 
association between data from the online measure of the RRV-F and unrelated constructs (i.e., 
age, gender, and height).  Results supported the validity of online methodology for assessing the 
RRV-F in a manner that is cost-effective, time-efficient, affords greater anonymity, and enables 
recruitment from larger samples over a broader geographic region.  The current investigation 
deployed this validated online questionnaire to a sample of post-bariatric surgery patients. 
Although the purpose of the aforementioned investigation was to validate an online 
questionnaire measure of the RRV-F, an online measure of DD-F (see Measures, below, for a 
more detailed description of this task) was also administered.  The association between the 
online measure of DD-F and a validated measure of food-related impulsivity (i.e., scores on the 
Disinhibition subscale of the Three Factor Eating Questionnaire, explained below) was not 
significant, r = 0.08, p = .238.  Stated differently, convergent validity for the DD-F 
questionnaires with a validated measure of food-related impulsivity among post-bariatric surgery 
patients was not supported, suggesting that the online questionnaire measure of DD-F may not be 
a valid assessment of food-related impulsivity.   
Rationale for this Investigation  
Although bariatric surgery is an invasive procedure, the costs of which can be offset if 
outcomes are optimal, many patients do not achieve the anticipated weight loss outcomes and 
health benefits following surgery.  Thus, advancing our understanding of indicators of poor 
prognosis could promote the development of tailored approaches to target high-risk groups.  To 
date, however, such efforts have not resulted in clear conclusions.  Although some evidence 
suggests that increased food urges and pre-surgical eating disorders may impact risk for 
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postoperative weight regain (Odom et al., 2010), an investigation of the RRV-F or DD-F post-
surgery has not yet been conducted.  This is important because there are many strategies that 
exist to decrease food reinforcement, and if found to be influential on postoperative outcomes, 
interventions could be tailored to target the RRV-F among those at risk for poor outcomes.  By 
understanding the relationship between these variables (RRV-F and DD-F) and bariatric surgery 
outcomes (weight loss and substance-related outcomes), it should become possible to develop 
interventions to improve these outcomes.   
Making consistently healthful food choices is not easy.  Rather, these choices require 
forethought, planning, and steadfast control in the face of tempting and quicker alternatives (e.g., 
―fast food‖).  The choice between concurrent alternative reinforcers (RRV) or the choice of small 
immediate versus larger delayed rewards (DD), or one‘s ability to delay gratification, are two 
constructs fundamental to food choice (Epstein et al., 2010).  Both RRV and DD paradigms have 
been used to study obese individuals (e.g., Epstein et al., 2010; Temple et al., 2009; Temple et 
al., 2008), who often exhibit strong motivation to obtain and consume specific types of food 
reinforcers, particularly those high in sugar, fat, and/or carbohydrates.  Strong responsivity to 
food reinforcement and difficulties in delaying gratification are risk factors for weight gain 
(Telch & Agras, 1996) and substance use (Petry et al., 1998; Reynolds et al., 2004), and both are 
related to individual differences in overweight and obesity (Epstein et al., 2010).  The present 
study extends this approach to bariatric patients, for whom more extreme discounting (higher 
impulsivity for food) and greater responsivity to unhealthful food reinforcement are anticipated 
to be associated with less postoperative weight loss.  In studies of non-bariatric patients, sugar 
content has been associated with increased food reward (Epstein et al., 2011).  However, due to 
less activation of mesolimbic reward circuitry (Ochner, Kwok, et al., 2011), changes in taste 
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perception (Miras & le Roux, 2010), and postingestive side effects (Cummings et al., 2004), it is 
unlikely that this association will be observed among post-bariatric surgery patients.  Instead, it 
was anticipated that lower postoperative weight loss would be found for those who find palatable 
foods more reinforcing, and successful weight loss surgery outcomes (as our recent pilot data in 
Figure 5, above, suggest) would be associated with a reversal in the RRV-F.  Stated differently, 
palatable food would shift from having a higher to a lower RRV-F.  However, because of the 
reported changes in taste perception and food preferences following bariatric surgery, it is 
unclear whether the most palatable food would be one high in sugars, fats, or carbohydrates.  
Empirical investigations of the RRV-F and DD-F as factors impacting postoperative 
weight loss outcomes are severely lacking.  Few studies have investigated the impact of food 
urges and eating behaviors post-bariatric surgery.  In particular, Odom and colleagues (2010) 
reported that increased food urges elevate risk for weight regain following bariatric surgery.  
However, as past research has primarily assessed food urges using one close-ended item (Odom 
et al., 2010), the current investigation built on this finding by using a more complex assessment 
of food urges and food reinforcement.  The primary aims of this investigation were to:  
1.  Determine the type of food (high-sugar, high-fat, or high-carbohydrate) that has the 
highest reinforcing value for post-bariatric surgery patients,  
2. Understand the relationships of food reinforcement and food-related impulsivity with 
post-bariatric surgery weight loss outcomes,  
3.  Understand the relationship between food-related impulsivity and post-surgical 
substance use outcomes,  
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4.  Assess whether documented risk factors for poor outcomes following bariatric surgery 
either mediate or moderate the association of food reinforcement and impulsivity with post-
surgical outcomes, and  
5.  Identify the best combination of variables to predict post-surgical weight loss and 
substance-related outcomes through the use of exploratory analyses.   
To accomplish aims four and five, this investigation drew from the extant literature 
describing eating-related variables influencing weight loss and substance-related outcomes 
following bariatric surgery, including binge eating (e.g., Colles et al., 2008; de Zwaan, 2005; 
Neigo et al., 2007), food craving (Budak & Thomas, 2009; Klem et al., 1997), and grazing 
(Colles et al., 2008).  Exploratory analyses were conducted to assess the relationships of post-
surgical outcomes with eating-related variables that have theoretical, but as yet limited empirical, 
support.  Such variables include dietary restraint and disinhibition, NES, emotional eating, 
heightened sensitivity to environmental food cues, and food addiction. 
Hypotheses 
Hypothesis one.  It was hypothesized that highly preferred, unhealthful snack foods 
would maintain the highest reinforcing value for post-bariatric surgery participants experiencing 
poor weight loss outcomes.  Despite recent findings linking food reinforcement to sugar content 
(Epstein et al., 2011), given changes in neural response to sweet foods and postingestive side 
effects (Cummings et al., 2004; Ochner et al., 2011), it was anticipated that high-sugar foods 
would not maintain the highest reinforcing value following surgery.  Rather, it was anticipated 
that high-fat, high-carbohydrate snack foods would maintain the highest reinforcing value.  The 
palatable food type found to be most reinforcing was predicted to carry the association between 
food reinforcement and outcomes following bariatric surgery in subsequent hypotheses.  
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Relationship of the RRV-F and DD-F with post-surgical outcomes.  Hypotheses two 
through six describe the anticipated association of the RRV-F and DD-F with post-bariatric 
surgery outcomes.  Hypotheses five through ten will be explored in greater detail only if 
hypotheses two through four are supported.   
Hypothesis two.  It was hypothesized that heightened palatable food reinforcement would 
negatively impact weight loss outcomes following surgery.  Specifically, those scoring higher in 
palatable food reinforcement were anticipated to achieve less weight loss than those scoring 
lower in palatable food reinforcement. 
Hypothesis three.  It was also hypothesized that heightened palatable food impulsivity 
(as assessed by a questionnaire measure of DD-F) would be associated with lower weight loss 
outcomes following surgery.   
Hypothesis four.  It was hypothesized that heightened impulsivity for palatable food 
would be associated with greater pathological substance use post-surgery.  Previous research 
suggests that a reduced ability to restrain impulses and delay gratification is characteristic of 
individuals with a drug addiction, as they tend to choose immediate, short-term rewards of drug 
use over delayed, larger rewards (e.g., Petry et al., 1998; Reynolds et al., 2004).  Parallels can be 
seen in the lack of self-control common in compulsive overeating (Weller et al., 2008).    
Hypothesis five.  It was hypothesized that those who find palatable food highly 
reinforcing and evidence heightened impulsivity would be at greatest risk for poor outcomes 
following bariatric surgery (i.e., weight loss and substance abuse; see Figure 6).  This hypothesis 
has recently gained theoretical support among non-bariatric surgery patients (Appelhans, 2009; 
Epstein et al., 2010) and thus warranted replication and extension to this patient population. 
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Hypothesis six.  It was hypothesized that less weight loss and more substance-related 
outcomes following surgery would also contribute to worse QOL, a more distal outcome 
following bariatric surgery (see Figure 6).   
 
 
 
 
 
Figure 6. Graphic depiction of hypotheses five and six.   
Documented eating-related risk factors to poor weight loss and substance-related 
outcomes. 
Hypothesis seven.  It was hypothesized that binge eating and grazing would partially 
mediate the association between the RRV-F and the amount of weight lost following bariatric 
surgery.  Please refer to Figures 7 and 8 for a graphic depiction of these hypothesized 
associations.  If both these models were supported, the interaction between binge eating and 
grazing would then be tested.  It was anticipated that those who endorsed binge eating and 
grazing would have the poorest postoperative weight loss outcomes.  
 
 
 
 
Figure 7. Graphic depiction of hypothesis seven. Binge eating was anticipated to partially 
mediate the relationship between the RRV-F and weight loss.   
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Figure 8. Graphic depiction of hypothesis seven. Grazing was anticipated to partially mediate the 
relationship between the RRV-F and weight loss.   
 
 
Hypothesis eight.  It was hypothesized that binge eating would partially mediate the 
association between the DD-F and weight loss following bariatric surgery.  Refer to Figure 9 for 
a graphic depiction of this hypothesized association. 
 
 
 
 
 
 
 
Figure 9. Graphical depiction of hypothesis eight. Binge eating was anticipated to partially 
mediate the relationship between DD-F and weight loss.  
 
Hypothesis nine.  It was hypothesized that craving would moderate the association 
between DD-F and weight loss following bariatric surgery.  It was anticipated that the interaction 
between elevated craving and DD-F would lead to the poorest weight loss outcomes.  Refer to 
Figure 10 for a graphic depiction of this hypothesized association. 
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Figure 10. Graphical depiction of hypothesis nine. The interaction between DD-F and craving 
was anticipated to result in the poorest post-operative weight loss.    
 
Hypothesis ten.  As the underlying neurobiological mechanisms modulating reward (i.e., 
DA and opioids) are associated with both overeating and substance use (e.g., Pelchat, 2002; 
Volkow et al., 2008; Wang et al., 2004), it was anticipated that food craving would influence 
substance-related outcomes following bariatric surgery.  It was hypothesized that food craving 
would moderate the association between the DD-F and postoperative substance-related 
outcomes.  As difficulty controlling craving is associated with drug addiction (e.g., Anton, 
1999), it was anticipated that the interaction between heightened impulsivity (as assessed by a 
questionnaire measure of DD-F) and elevated food craving would result in the poorest 
postoperative substance-related outcomes.  Refer to Figure 11 for a graphic depiction of this 
hypothesized association.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11. Graphical depiction of hypothesis ten. The interaction between DD-F and craving was 
anticipated to result in the poorest postoperative substance-related outcomes.    
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Exploratory Hypotheses.  To identify the best combination of variables in predicting 
post-surgical weight loss and substance-related outcomes, a variety of exploratory analyses were 
conducted.  Several eating-related variables were hypothesized to impact outcomes following 
bariatric surgery, in ways that may interact with food reinforcement and impulsivity.  In 
particular, it may be important to evaluate the influence of food addiction, dietary restraint and 
disinhibition, nocturnal eating, and emotional eating.  It was expected, however, that the 
interaction between each variable identified above and either the RRV-F or DD-F, respectively, 
would predict poorer outcomes following bariatric surgery.  Although food addiction was 
included in exploratory analyses, it was not expected that this variable would negatively 
influence outcomes following bariatric surgery (V. Ivezaj, personal communication, August 25, 
2011).  Rather, it was anticipated that the RRV-F and DD-F would be more important and 
informative constructs to assess post-bariatric surgery outcomes of interest (weight loss and 
substance abuse).  Exploratory analyses were thus directed toward generating the best 
combination of variables for predicting poor post-surgical weight loss and substance-related 
outcomes.  To accomplish this, a broad range of documented (binge eating, grazing, and craving) 
and theoretically viable (restraint, disinhibition, nocturnal eating, emotional eating, 
environmental sensitivity to food cues, and food addiction) eating-related variables were 
considered.  
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Chapter 3: Methods 
Participants 
A convenience sample of 147 adults with a history of Roux-en-Y gastric bypass surgery 
was recruited (see Table 2).  The overall sample was primarily female (N = 117; 80%) and 
Caucasian (N = 136; 93%), with a mean age of 53 years.  The majority of respondents were 
married (N = 96; 65%), either employed full-time (N = 68; 48%) or retired (N = 42; 29%), and 
had an average of 14 years of education.  Most reported that their current financial situation was 
―solidly middle class‖ (N = 69; 47%) or ―enough to get by but no more‖ (N = 46; 32%).  The 
mean number of years since bariatric surgery was 6.15 (SD = 2.7).  Respondents reported that, at 
the time of the survey, they had an average percent excess weight loss (%EWL) of 69.61 (SD = 
23.07) and percent total weight loss (%TWL) of 34.01 (SD = 10.86).  Fourteen percent of 
participants were classified as having a substance use disorder (SUD; N = 20), and 29% endorsed 
a family history of substance abuse (N = 43).  For a complete summary of all demographic 
information and a break-down of demographic variables based on the sample from which data 
were drawn, see Table 2.  
Recruitment 
Adults (18 years and older) with a history of Roux-en-Y gastric bypass surgery were 
recruited to participate in this investigation.  A list of potential participants was generated from a 
prior investigation assessing substance abuse outcomes following bariatric surgery.  Individuals 
on said list provided approval to be contacted for future studies assessing post-bariatric surgery 
outcomes.  Those on this contact list were recruited first and are labeled as being recruited from 
the ―general link‖ in Table 2.  The remaining participants were enlisted through various media  
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Table 2  
 
Sample characteristics and a breakdown of sample characteristics based on recruitment site 
  Overall 
Sample 
 
 
N = 147 
General Link 
 
 
 
N = 38 
St. Vincent 
Online 
 
 
N = 46 
St. Vincent 
Hard-copy 
 
 
N = 47  
Henry Ford 
Hospital 
(Online) 
 
N = 16 
 
Age   
 
53.31 (10.34) 
 
45.50 (9.10) 
 
52.98 (8.58) 
 
60.81 (7.88) 
 
49.75 (8.92) 
 
Gender 
     Female 
     Male 
 
 
 
80% (117) 
20% (  30) 
 
 
82% (31) 
18% (  7) 
 
 
74% (34) 
26% (12) 
 
 
 
81% (38) 
19% (  9) 
 
 
 
88% (14) 
13% (  2) 
 
Ethnicity 
     Caucasian 
     African American  
     Hispanic 
     American Indian 
     Alaskan Native 
     Asian 
     Pacific Islander 
     Middle Eastern 
 
 
93% (136) 
5% (7) 
1% (1) 
0% (0) 
0% (0) 
1% (1) 
0% (0) 
1% (1) 
 
92% (34) 
5% (2) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
3% (1) 
 
91% (42) 
7% (3) 
0% (0) 
0% (0) 
0% (0) 
2% (1) 
0% (0) 
0% (0) 
 
 
96% (45) 
2% (1) 
2% (1) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
 
 
94% (15) 
6% (1) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
0% (0) 
Marital Status 
    Married 
    Remarried 
    Widowed 
    Separated  
    Divorced 
    Single  
    Engaged 
    In a relationship     
    but not engaged   
 
 
65% (96) 
1% (1) 
1% (2) 
1% (2) 
13% (19) 
10% (14) 
1% (2) 
7% (11) 
 
58% (22) 
0% (0) 
0% (0) 
3% (1) 
8% (3) 
24% (9) 
0% (0) 
8% (3) 
 
63% (29) 
2% (1) 
0% (0) 
0% (0) 
17% (8) 
4% (2) 
2% (1) 
11% (5) 
 
 
75% (35) 
0% (0) 
4% (2) 
2% (1) 
13% (6) 
4% (2) 
0% (0) 
2% (1) 
 
63% (10) 
0% (0) 
0% (0) 
0% (0) 
13% (2) 
6% (1) 
6% (1) 
13%  (2) 
Education 14.43 (2.61) 15.36 (2.78) 14.35 (2.64) 13.39 (2.01) 15.47 (2.67) 
 
Employment Status 
     Full time 
     Part time (regular  
     hours) 
     Part time  
     (irregular hours) 
     Military Service 
     Unemployed, non- 
     student 
     Unemployed, Full    
     time student 
     Unemployed, Part  
  
48% (68) 
7% (10) 
 
6% (9) 
 
0% (0) 
8% (12) 
 
1% (2) 
 
0% (0) 
 
58% (22) 
8% (3) 
 
11% (4) 
 
0% (0) 
11% (4) 
 
3% (1) 
 
0% (0) 
 
66% (29) 
0% (0) 
 
2% (1) 
 
0% (0) 
7% (3) 
 
0% (0) 
 
0% (0) 
 
24% (11) 
15% (7) 
 
7% (3) 
 
0% (0) 
7% (3) 
 
0% (0) 
 
0% (0) 
 
40% (6) 
0% (0) 
 
7% (1) 
 
0% (0) 
13% (2) 
 
7% (1) 
 
0% (0) 
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     time student 
     Retired/disability 
 
29% (42) 
 
11% (4) 
 
 
25% (11) 
 
 
48% (22) 
 
33% (5) 
 
Current Financial 
Situation 
     Barely enough to  
     get by 
     Enough to get by  
     but no more 
     Solidly middle  
     class 
     Plenty of ―extras‖ 
     Plenty of  
    ―luxuries‖ 
     Don‘t know/prefer   
     not to say      
 
 
 
12% (17) 
 
32% (46) 
 
47% (69) 
 
6% (8) 
1% (1) 
 
3% (5) 
 
 
26% (10) 
 
34% (13) 
 
32% (12) 
 
5% (2) 
0% (0) 
 
3% (1) 
 
 
9% (4) 
 
28% (13) 
 
59% (27) 
 
4% (2) 
0% (0) 
 
0% (0) 
 
 
4% (2) 
 
35% (16) 
 
50% (23) 
 
2% (1) 
0% (0) 
 
9% (4) 
 
 
 
6% (1) 
 
25% (4) 
 
44% (7)  
 
29% (3)  
6% (1) 
 
0% (0) 
# of years since 
surgery 
 
6.15 (2.70) 4.19 (1.86) 7.28 (2.24)  
 
7.40 (2.46) 
 
3.81 (2.07) 
BMI (current) 
  
32.97(6.62) 32.32 (5.69) 
 
34. 69 (7.28)  31.52 (6.59) 
 
33.83 (6.13) 
%EWL 
  
69.61 (23.07) 72.13 (20.40) 62.70 (24.00) 76.57 (20.68) 63.49 (27.49) 
%TWL 
 
34.02 (10.86) 35.62 (9.42) 30.15 (10.84) 37.62 (9.94) 31.00 (12.05) 
MAST-AD 
Classification 
     No SUD 
     Probable SUD 
 
 
 
86% (121) 
20% (  20) 
 
 
73% (27) 
27% (10) 
 
 
91% (38) 
10% (  4) 
 
 
96% (45) 
  4% (  2) 
 
 
 
73% (11) 
27% (  4) 
 
Family Hx Substance 
abuse 
     No 
     Yes 
      
 
 
71% (104) 
29% (  43) 
 
 
55% (21) 
45% (17) 
 
 
83% (38) 
17% (  8) 
 
 
70% (33) 
30% (14) 
 
 
75% (12) 
25% (  4) 
Note: Data are presented as percentages (number of participants) for all variables except Age, Education, # of years 
since surgery, BMI, %EWL, and %TWL, which are presented as M (SD). 
 
including word of mouth, websites, listservs, online bariatric support groups, and in-person 
bariatric support groups at Henry Ford Hospital (Detroit, MI) and at the Bariatric Center of 
Excellence at St. Vincent Carmel Hospital (Carmel, IN).  By coordinating with the staff at St. 
Vincent Hospital, participants had the option of completing the survey in one of two formats, 
either online or through a paper and pencil questionnaire mailed to their home.  The paper and 
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pencil questionnaire format was necessary because some participants indicated to the staff at St. 
Vincent Hospital that they would feel more comfortable completing a hard-copy version of this 
survey.  This format also enabled individuals without regular computer access to participate in 
this investigation. 
The most salient demographic difference between samples was that individuals 
completing the hard-copy version of this questionnaire were substantially older than those 
completing this survey online, and those completing the hard-copy survey had a lower incidence 
of post-surgical SUDs (see Table 2).  Follow-up analyses suggested that age was related to post-
surgical SUD classification, rpb = -.27, p = .001.  For a breakdown of the sample characteristics 
by recruitment site, see Table 2.  Relevant exclusionary criteria include pregnancy, designed to 
minimize pregnancy-related effects on self-reported food preference, and time since surgery, 
designed to ensure that surgical restrictions placed on eating immediately following surgery 
would not influence participant responding.  Those who had bariatric surgery within the past 24 
months were also excluded from this investigation.  No other exclusionary criteria based on 
gender, ethnicity, health status, or disability were enforced. 
Procedure 
Prior to data collection, approval was obtained from the Eastern Michigan University 
Human Subjects Review Committee, the St. Vincent Institutional Review Board, and the Henry 
Ford Health System Institutional Review Board.  Participants were recruited through a variety of 
mechanisms (see Recruitment, above).  If interested in participating, candidates were sent the 
URL to an online survey deployed via Survey Monkey.  Prior to having access to the full survey 
questionnaire, informed consent was obtained through the use of a digital consent form.  
Directions instructed participants to click on the ―I agree‖ button at the bottom of the consent 
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form after reading through the entire document and agreeing with the conditions of their 
participation (see Appendix A for consent form).  If they decided to participate, they were then 
linked to the main survey wherein their participation lasted approximately 50 minutes.  This 
online questionnaire assessed demographic variables, postoperative weight loss outcomes, 
postoperative substance-related outcomes, QOL, depression, the RRV-F, DD-F, and other 
eating-related factors thought to influence post-bariatric surgery outcomes.  These variables 
included food addiction, binge eating and dieting history, dietary restraint and disinhibition, food 
craving, grazing, NES, emotional eating, and power of food.  All responses were anonymous.  
Following study completion, participants had the option of following a link to a separate survey 
that was not possible to connect to their prior survey responses.  This link directed participants to 
a new survey where they had the opportunity to provide contact information to facilitate 
reimbursement.  It was made explicit that following this link was completely voluntary.  Those 
who decided to provide their contact information were compensated with a $25 gift card.  
Participants also had the option of providing approval to be contacted for future studies assessing 
post-bariatric surgery outcomes.  Funding for the proposed investigation was made possible 
through the support of the Blue Cross Blue Shield Michigan Foundation and the EMU Office of 
the Provost.   
Measures 
Socio-demographic information.  Demographic information included gender, age, 
ethnicity, current marital status, years of education, current employment status, and economic 
status of the current household.  One dichotomous item assessing whether participants were 
pregnant was also included, but it was not necessary to exclude any participants based on 
pregnancy status.  
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Weight and health history.  To compute BMI, height and current weight were assessed.  
In this survey study, it was necessary to rely on self-report (rather than direct assessment) of 
these variables.  Additional weight- and health-related history questions were constructed to 
gather relevant information concerning timing and type of bariatric surgery, surgical 
complications, highest adult weight, preoperative weight, magnitude of weight loss prior to 
surgery, and ideal weight.  Examples of these items include, ―What was the date of your bariatric 
surgery?‖ ―How old were you when you had bariatric surgery?‖ ―How much weight, if any, did 
you lose prior to having bariatric surgery?  If none, please enter 0.‖  Some of these items were 
open-ended; while others (e.g., type of surgery and surgical complications) included both close- 
and open-ended elements (please refer to Appendix B for a complete list of weight and health 
history questions).  To assess whether respondents were prescribed medications that may 
perpetuate weight gain, two items were constructed.  The first was a checklist of 20 of the most 
common medications that have significant weight gain as a side effect; the second was a follow-
up open-ended item assessing duration of medication use.  No reliability and validity coefficients 
are available to report on these items.   
Food preferences.  As both the RRV-F and DD-F tasks inquire about food choice, 
participants‘ preferred food was assessed using a restricted list of food options.  This information 
was used to direct participants to the correct RRV-F and DD-F questionnaire (see below for 
detailed description of RRV-F and DD-F assessments).  Participants were asked eight close-
ended questions assessing liking for particular foods (refer to Appendix C).  Items included, ―Do 
you like Pringles (Original) Chips?‖, ―Do you like carrots?‖, ―Please rate the following foods 
[Pringles (Original) Chips, Pringles (Fat-free) Chips, or carrots, respectively] according to your 
taste preferences on a scale from ‗Strongly like‘ to ‗Strongly dislike,‘‖ and ―If given the option 
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between having any of the following food options, please select the food you would most 
prefer?‖  The first six items were dichotomously scored (1 = No, 2 = Yes).  In contrast, item 
seven was scored on a 5-point Likert scale (1 = Strongly like, 2 = Like, 3 = Neutral, 4 = Dislike, 5 
= Strongly dislike).  The final item queries participants to choose one food from among six 
different food choices (1= Pringles (Original) Chips, 2 = Pringles (Fat-free) Chips, 3 = Carrots, 
4 = Milk chocolate, 5 = Cheese cubes, 6 = French fries).  These items were selected because, 
with the exception of carrots, they represent some of the most common food choices cited as 
being consumed during an eating binge (see Allison & Timmerman, 2007), and are generally 
palatable to post-bariatric surgery patients (unlike sweets).  Carrots were selected to represent the 
healthful alterative that was hypothesized to be less reinforcing than the remaining food choices.  
No reliability or validity coefficients are available to report on these items. 
RRV-F.  In previous investigations, multiple-choice questionnaires (MCQ) have been 
developed and adapted for use in assessing the reinforcing value of abused drugs versus money 
alternatives (Griffiths, Rush, & Puhala, 1996), as well as to assess the RRV of snack foods 
versus fruits and vegetables (Goldfield et al., 2005).  To complete a MCQ, respondents are 
required to make a series of choices between two alternatives.  The amount of work required to 
obtain the hypothesized least preferred reinforcer remains constant, while the amount of work 
exerted to obtain the more preferred alternative increases.  The difference in the amount of work 
exerted to obtain the more preferred option provides an index of the RRV of that particular food 
item.   
For this investigation, a modified MCQ, adapted from that of Goldfield and colleagues 
(2005), in which responding for the preferred food increased on an exponential progressive ratio 
schedule, was administered.  Participants completed a chip versus fat-free chip MCQ (1 Pringle 
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(Fat-free) Crisp after 5 button presses vs. 1 Pringle (Original) Crisp after [5 to 2275] button 
presses; see Appendix D) and chip versus carrot MCQ (1 carrot after 5 button presses vs. 1 
Pringle (Original) Crisp after [5 to 2275] button presses; see Appendix E).  Response 
requirement (i.e., number of button presses) and the food choice options were modified from that 
of Goldstein and colleagues (2005) to facilitate comparisons with data currently being collected 
from a laboratory investigation of food choice behavior among post-bariatric surgery patients.  
Completion of the two aforementioned RRV-F tasks (Original Pringle vs. Fat-free (FF) Pringle 
and Original Pringle vs. carrot) was thus mandatory for all participants.  Whether they were 
directed to complete a third RRV-F task was contingent on their response to food preference 
item eight (see Appendix C).  To reduce redundancy, participants endorsing Original Pringles as 
their most preferred food option were not required to complete a third RRV-F task.  Instead, after 
completing the two mandatory RRV tasks, these participants were directed to the next applicable 
page in the survey questionnaire.  Participants who endorsed fat-free Pringles, carrots, chocolate, 
cheese, or French fries as their most preferred food option, however, were required to complete 
either a FF chip versus carrot (see Appendix F), carrot versus chip (see Appendix G), chocolate 
versus carrot (see Appendix H), cheese versus carrot (see Appendix I) or French fry versus carrot 
(see Appendix J) task, respectively.  To compute the RRV of each commodity, the number of 
trials on which participants selected the more preferred food option, as opposed to the 
hypothesized less preferred food, was divided by the total number of choices (i.e., 11).  This 
value was then be multiplied by 100 to generate a percentage of choices in which participants 
selected the more palatable food option, subsequently serving as an index of the RRV of that 
particular food.   
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Hypothetical DD-F.  Participants completed at least two DD-F tasks.  All participants 
completed an Original Pringles DD task (1 Original Pringle
TM
 now vs. 1 can of Original Pringles 
(96 crisps) in [5 to 180] mins; see Appendix K) and a carrot DD task (1 baby carrot now vs. 1 
bag of baby carrots (96 sticks) in [5 to 180] mins; see Appendix L).  Whether participants were 
directed to complete a third DD-F task was contingent on their response to food preference item 
eight (see Appendix C).  To reduce redundancy, those endorsing Original Pringles or carrots as 
their preferred food were not required to complete any additional DD tasks.  Instead, following 
the completion of these tasks, they were directed to the next applicable survey page.  Participants 
who endorsed FF Pringles, chocolate, cheese cubes, or French fries as their preferred food were 
prompted to complete either a FF chip (see Appendix M), chocolate (see Appendix N), cheese 
(see Appendix O), or French fries DD-F task (see Appendix P), respectively.   
As DD varies by type of commodity offered (Weatherly, Terrell, & Derenne, 2010), 
discounting was assessed with respect to (hypothetical) choices between a small amount of food 
now versus larger but delayed amounts of the same commodity later.  Although this task was 
administered online, participants were provided with instructions typical of those used in DD 
research (e.g., Odum & Rainaud, 2003).  Participants were classified as high in impulsivity based 
on discount rate (k) values.  Commonly referred to as an impulsiveness parameter (Kirby, Petry, 
& Bickel, 1999), k values were computed based on the following hyperbolic function: V = A / (1 
+ kD).  In this equation, parameter V represents the present value of the immediate reward (e.g., 
1 Original Pringle); parameter A is the value of the delayed reward (e.g., 96 Original Pringles); 
parameter D is the specified delay (ranging between 5 and 180 min); and k is the free parameter 
left to determine discounting rate (Kirby et al., 1999; Mazur, 1987).  Higher k values indicate 
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greater discounting of future rewards, thus, higher discounting rates (k values) corresponded to 
heightened levels of impulsivity.   
Substance use-related outcomes post-surgery.  Two questionnaires were deployed to 
assess substance use-related outcomes following surgery: the Michigan Alcoholism Screening 
Test (MAST; Selzer, 1971) and World Health Organization (WHO) Alcohol, Smoking, and 
Substance Involvement Screening Test Version 3.1 (ASSIST v3.1; Humeniuk et al., 2008; WHO 
ASSIST Working Group, 2002).  Two items were also developed to assess family history of 
substance abuse given that family history is a strong predictor of substance abuse development.  
The first question asked, ―Do you have a family history of substance abuse?‖ and was 
dichotomously scored (Yes/No).  Those who indicated that they did have a family history of 
substance abuse were directed to a second item, that is, a checklist of family members to report 
which family members suffered from substance abuse problems.  
MAST (Selzer, 1971). The MAST is designed to identify individuals with an alcohol 
disorder.  Additional variants of this questionnaire that facilitate identification of drug use are 
also available (Westermeyer, Yargic, & Thuras, 2004).  Given broad interest in all variants of 
substance use disorders following surgery, the modified version of the original MAST, the 
Michigan Assessment Screening Test for Alcohol and Drugs (MAST/AD), was used for this 
investigation to assess alcohol and drug use problems pre- and postoperatively (see Appendix Q; 
Westermeyer et al., 2004).  The MAST/AD has 24 items with a dichotomous response format.  
Higher scores indicate more problematic substance use.  A score of eight or greater yields strong 
evidence for chronic substance abuse or dependence, while a score within the range of five to 
seven indicates that the respondent is probably abusing substances (Westermeyer et al., 2004), 
and a score of four is suggestive of problematic substance use.  A score of five was used as the 
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minimum cut-off score indicating probable postoperative substance abuse in this investigation.  
Scoring for item 3 on the MAST/AD (see Appendix Q) according to the article that originally 
validated this measure (Westermeyer et al., 2004) does not make conceptual sense, as it provides 
a point for not having a problem, rather than endorsing an indicator of problematic substance 
use.  In addition, the Westermeyer et al. (2004) scoring is inconsistent with scoring on the 
original MAST (Selzer, 1974).  In the current investigation, scoring for this item was modified.  
Specifically, individuals who endorsed that their family members have expressed worry or 
complaints about their alcohol or drug use were given one point towards their MAST/AD total 
score.  This instrument has been identified as a measure of substance use severity, as opposed to 
a screening tool, and demonstrates adequate reliability (Westermeyer et al., 2004).  Support for 
the psychometric properties of the full MAST also exist, with estimates of coefficient alpha 
ranging from .83 to .95, and test-retest reliability coefficients ranging from .97 (at 1 day) to .85 
(at 3 days; Zung, 1982). 
ASSIST v3.1 (Humeniuk et al., 2008; WHO ASSIST Working Group, 2002).  The 
ASSIST v3.1 is designed to detect substance use problems in primary and general medical care 
settings.  A slightly modified version of the ASSIST v3.1 (see Appendix R) was used to assess 
hazardous and harmful substance use.  Originally recommended for use as a semi-structured 
interview (WHO ASSIST Working Group, 2002), in this investigation the ASSIST was deployed 
online as a self-report questionnaire.  Each of the 8 items on this questionnaire includes 10 
subparts (assigned letters a though j).  Examples of items include, ―In your life, which of the 
following substances have you EVER USED (non-medical use only)?‖ and ―In the PAST 
THREE MONTHS, how often has your use of the specified drug led to health, social, legal, or 
financial problems?‖  Questions inquire about one‘s use of 10 different substances, including 
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tobacco products, alcoholic beverages, cannabis, cocaine, amphetamine-type stimulants, 
inhalants, sedatives or sleeping pills, hallucinogens, pain pills, and heroin.  Questions one and 
eight are not scored.  Thus, only questions two through seven are used to compute scores on the 
ASSIST.  Question two is scored on a 5-point scale (0 = Never, 2 = Once or twice, 3 = Monthly, 
4 = Weekly, 5 = Daily or almost daily).  Questions three, four, and five are also scored on a 5-
point scale; however, each question has different numerical weights for each response (Q3: 0 = 
Never, 3 = Once or twice, 4 = Monthly, 5 = Weekly, 6 = Daily or almost daily; Q4: 0 = Never, 4 
= Once or twice, 5 = Monthly, 6 = Weekly, 7 = Daily or almost daily; Q5: 0 = Never, 5 = Once 
or twice, 6 = Monthly, 7 = Weekly, 8 = Daily or almost daily, respectively).  Questions six and 
seven are both scored on the same 3-point scale (0 = No, Never, 6 = Yes, in the past three 
months, 3 = Yes, but not in the past three months).  Two scores can be computed: a Specific 
Substance Involvement score (ASSIST-SSI) and a Total Substance Involvement score (ASSIST-
TSI score).  For each substance, an ASSIST-SSI score is computed by adding up all scores 
received for all respective subparts (a through j) referring to the specific substance in question 
for items two through seven.  Cut-scores have been proposed to distinguish between participants 
at low, moderate, and high risk for pathological involvement with a substance.  Scores from 0 to 
10, from 11 to 26, and 27 or higher are indicative of low, moderate, and high risk, respectively, 
for alcohol involvement.  Scores from 0 to 3, from 4 to 26, and 27 or higher are reflective of low, 
moderate, and high risk, respectively, for pathological involvement with all other substances 
assessed.  The ASSIST-TSI score was calculated by summing all ASSIST-SSI scores.  Higher 
ASSIST-TSI scores indicate more problematic substance use.  The ASSIST has well-established 
psychometric properties.  Internal consistency reliability has been established for the ASSIST-
TSI scores (α = .89) and for the ASSIST-SSI scores (α = .77 to .94; Humeniuk et al., 2008).  
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Significant correlations between scores from the ASSIST and scores from the Alcohol Use 
Disorders Identification Test (AUDIT; r = .82) and the Severity of Dependence Scale (SDS; r = 
.59) support concurrent validity for this instrument (Humeniuk et al., 2008).   
World Health Organization Quality of Life Brief Version (WHOQOL-BREF; 
Murphy, Herrman, Hawthorne, Pinzonne, & Evert, 2000).  The WHOQOL-BREF is a 26-
item questionnaire designed to assess QOL in four different domains: 1. physical health, 2. 
psychological health, 3. social relationships, and 4. environment (WHO, 1996).  There are seven, 
six, three, and eight items, respectively, used to assess each of these four domains.  Responses to 
items one and two do not contribute to a respondent‘s score in any one particular domain, rather, 
item one can be analyzed separately as an indicator of global QOL, and item two is used to 
measure satisfaction with general health (see Appendix S).  Items include ―To what extent do 
you feel that (physical) pain prevents you from doing what you need to do?‖ and ―How satisfied 
are you with the support you get from your friends?‖  All items are scored on a 5-point scale, 
with higher scores indicative of better QOL.  Although all items are scored on a scale ranging 
from one to five, anchors for item response choices vary between questions.  Items three, four, 
and 26 are reverse-scored.  To compute scores in each of the four QOL domains, item scores 
within the specific domain are averaged and then transformed to a 0 to 100 scale.  Higher QOL is 
deduced from achieving a higher transformed domain score.   
Psychometric properties for the WHOQOL-BREF have been established through internal 
consistency reliability (α = .80 to .82, .76 to .81, .66 to .68, and .80, in physical health, 
psychological, social, and environmental domains, respectively; Aigner, Forster-Streffleur, 
Prause, Freidl, Weiss, & Bach, 2006; Skevington, Lofty, & O‘Connell, 2004) and through test-
retest reliability (r = .66, .72, .76, and .87, for physical health, psychological, social, and 
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environmental domains, respectively) across two to eight weeks (Harper & Power, 1998).  
Support for convergent validity of this instrument emerges from high correspondence between 
the full WHOQOL-100 and WHOQOL-BREF (r = .89 to .95).  Additional evidence of validity 
for this instrument was supported given the difference in QOL scores among those who are 
healthy relative to those who are sick (Murphy et al., 2000).   
Questionnaire on Eating and Weight Patterns – Revised (QEWP-R; Spitzer, 
Yanovski, Marcus, 1994).  The QEWP-R is a 28-item measure commonly used as a screening 
instrument to identify and diagnose individuals with binge-eating disorder (BED) and bulimia 
nervosa according to the DSM-IV-TR criteria.  The QEWP-R assesses the type and frequency of 
behaviors associated with overeating, binge eating, and weight control strategies over the past six 
months.  Examples of items included, ―During the past six months, did you often eat within any 
two hour period what most people would regard as an unusually large amount of food?‖ ―During 
the times when you ate this way, did you often feel you couldn‘t stop eating or control what or 
how much you were eating?‖ and ―During the past six months, how often, on average, did you 
have times when you ate this way—that is, large amounts of food plus the feeling that your 
eating was out of control?‖  The QEWP-R also assesses eating history such as past weight, 
current weight, dieting, and weight cycling (see Appendix T).  For a detailed description of 
QEWP-R scoring, refer to Appendix U.   
Traditionally, the QEWP-R has been used to assess objective binge episodes (described 
above).  Given surgical constraints placed on the quantity of food able to be consumed following 
bariatric surgery, one item was added to the standard QEWP-R to facilitate the assessment of 
subjective binge episodes (i.e., ―During the past six months, did you often eat within any 2 hour 
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period what YOU felt was an unusually large amount of food?).  Subjective binge episodes are 
defined as eating a subjectively large amount of food and feeling a loss of control over eating.  
Reliability for this measure has been established based on adequate internal consistency 
(α = .75 in a weight-control sample and .79 in a community sample) (Spitzer et al., 1994).  Test-
retest reliability for the QEWP-R in the diagnosis of BED within a sample of self-referred binge 
eaters and a control sample was adequate (k = .58 over a four week period; Nangle, Johnson, 
Carr-Nangle, & Engler, 1994).  This instrument is able to correctly identify 88% of women 
diagnosed with BED through a clinical interview and has a positive predictive value of .82 for 
binge eating (Borges et al., 2005). 
 Food Grazing.  The Eating Disorder Examination (EDE; Fairburn & Cooper, 1993) is a 
widely used instrument for the assessment of eating disorders, and provides clear definitions of 
aberrant eating behaviors in a semi-structured interview format.  Recently, this interview was 
modified to enable detailed analysis of the eating behavior of post-bariatric surgery patients.  The 
Eating Disorder Examination-Bariatric Surgery Version (EDE-BSV; de Zwaan et al., 2010) has 
questions that reflect the altered anatomic situation of the upper gastrointestinal tract in these 
patients.  Five self-report items assessing picking or nibbling (that is, eating in an unplanned and 
repetitious way without loss of control) were drawn from the EDE-BSV to tap food grazing (see 
Appendix V).  Sample items included ―Over the past four weeks, have you picked at (or nibbled) 
food between meals and snacks?  By ―picking‖ I mean eating in an unplanned or repetitious 
way.‖ and ―How many days a week do you generally pick at (or nibble) food?‖  A total score is 
not obtained from this assessment, rather, responses to items are considered independently.  
Psychometric properties for this single module of the EDE-BSV assessing food grazing are not 
available.   
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Questionnaire on Craving for Sweet and Rich Foods (QCSRF; Toll et al., 2008).  
The QCSRF is often used to assess food cravings among individuals addicted to either alcohol 
(Bohn, Krahn & Staehler, 1995) or tobacco (Toll, Katulak, Williams-Piehota, & O‘Malley, 
2008).  Two versions of this instrument exist, a 14-item and 9-item variant, the latter of which 
was employed in this investigation (see Appendix W).  The first three items inquire about distal 
cravings (within the past week) and require retrospective recall.  Together, these three items 
make up the craving subscale of this instrument, which assesses the intensity of urges for sweet 
and rich foods.  Examples of these items include, ―Rate your strongest desire for sweet or rich 
food during the past week,‖ and ―Rate how intense your desire for sweet or rich food was, 
overall, during the past week.‖  Responses are scored on a 7-point scale ranging from ―Not at 
all‖ to ―More than ever.‖  The remaining six items inquire about cravings in the present moment, 
and together represent the reinforcement subscale of this instrument.  This subscale assesses 
one‘s perception of the ability of sweet and rich foods to relieve negative affect and about self-
control over eating.  Examples include, ―I crave something sweet and rich to eat right now,‖ and 
―I would be less irritable now if I could have something sweet and rich to eat.‖  Responses are 
scored on a 7-point Likert scale ranging from ―Strongly disagree‖ to ―Strongly agree.‖  Internal 
consistency for the two factor solution of the QCSRF has been supported (α= .87 and .90, 
respectively; Toll et al., 2008), and convergent validity of this instrument has been established as 
food cravings (i.e., higher scores on the QCSRF) have been found to be elevated among both 
weight control smokers and frequent dieters (Toll et al., 2008).   
Three Factor Eating Questionnaire (TFEQ; Stunkard & Messick, 1985).  The TFEQ 
is a 51-item self-report questionnaire designed to assess cognitive and behavioral components of 
eating.  Comprised of three subscales (i.e., dietary restraint, dietary disinhibition, and hunger), 
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the TFEQ contains 36 dichotomously scored items (Yes/No), 14 items scored on a 4-point scale, 
and one vertical rating item on a 5-point scale (see Appendix X).  The 21-item restraint subscale 
of the TFEQ was designed to assess the degree to which one exerts control over food intake with 
the goal of influencing body weight, while the 16-item disinhibition scale taps the inability to 
control eating.  Finally, the 14-item hunger scale measures subjective feelings of hunger and 
food craving (Stunkard & Messick, 1985).  Items 10, 16, 21, 25, 30, 31, and 47 are reverse 
scored, and higher scores on all subscales reflect higher levels of associated symptomatology.  
The TFEQ (Stunkard & Messick, 1985) has been extensively used to assess dietary restraint and 
disinhibition among both overweight and non-overweight individuals (e.g., Chambers & 
Yeomans, 2011; d‘Amore et al., 2001; Haynes et al., 2003; Stice, Fisher, & Lowe, 2004; 
Yeomans et al., 2004).  This instrument may also be advantageous in assessing restraint and 
disinhibition among post-bariatric surgery patients (Colles et al., 2008; Kalarchian, Marcus, 
Wilson, Labouvie, Brolin, & LaMarca, 2002).  Internal consistency reliability estimates for all 
scales are acceptable (α = .93, .91, .85, for restraint, disinhibition, and hunger subscales, 
respectively; Stunkard & Messick, 1985).  The stability of the TFEQ factor structure has 
occasionally been called into question.  While the restraint subscale has been consistently 
reproduced (Karlsson et al., 2000; Stunkard & Messick, 1985), the internal structure of the 
disinhibition scale is suggested to be weak (Karlsson et al., 2000).   
Night Eating Questionnaire (NEQ; Allison, Stunkard, & Their, 2004; Marshall, 
Allison, O’Reardon, Birketvedt, & Stunkard, 2004).  The NEQ is a 14-item instrument 
designed to assess morning hunger, food cravings and control over eating before bedtime and 
during nighttime awakening, percentage of food consumed during dinner, sleep onset insomnia, 
frequency of nocturnal awakenings and ingestion of food and mood disturbance, and awareness 
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of nocturnal eating episodes, the multiple domains believed to comprise NES.  Items are scored 
on a 5-point scale, although different anchors are utilized given the question of interest (refer to 
Appendix Y).  All items are scored on a scale ranging from 0 to 4, although three items (i.e., one, 
four, and 14) are reverse scored.  A global symptom severity score is obtained by summing all 
scale items.  Item 13, however, which serves as a screener to rule out parasomnia, is not included 
when summing all scale items to achieve a global symptom severity score.  In the current 
investigation, the global symptom severity score was used in all subsequent analyses, with higher 
scores reflecting greater symptomatology.  Psychometric properties of the NEQ have been 
established, and acceptable internal consistency (α = .70) found (Allison et al., 2008).  
Convergent validity has been established among a sample of individuals diagnosed with NES.  
Among bariatric surgery candidates, scores on this instrument have been found to discriminate 
between NES and non-NES participants (Allison et al., 2008).  Normative data for bariatric 
surgery candidates with (M = 26; SD = 8.1) and without (M = 16; SD = 6.3) NES has also been 
generated (Allison et al., 2008).   
Emotional Eating Scale (EES; Arnow, Kenardy, & Agras, 1995).  The EES was 
designed to provide information regarding the relationship between negative emotions and 
problematic eating behaviors (Arnow et al., 1995).  This 25-item instrument is composed of three 
subscales (Anger/Frustration, Anxiety, and Depression).  Each item represents a different 
emotional state (see Appendix Z), and participants are asked to respond by indicating the extent 
to which the specified feeling (e.g., upset, guilty, worried, excited) leads them to feel an urge to 
eat.  Items are scored on a 5-point scale (1 = No desire to eat, 2 = A small desire to eat, 3 = A 
moderate desire to eat, 4 = A strong urge to eat, and 5 = An overwhelming urge to eat), with 
higher scores indicating a greater magnitude of emotional eating in response to a variety of 
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emotions.  Developed and validated in a sample of obese participants, this instrument is 
considered to be psychometrically-sound with good internal consistency reliability and construct 
validity, as well as adequate test-retest reliability (Arnow et al., 1995; Waller & Osman, 1998). 
Yale Food Addiction Scale (YFAS; Gearhardt, Corbin, & Brownell, 2009).  The 
YFAS is a 27-item self-report questionnaire designed to identify and characterize signs and 
symptoms of a ―food addiction.‖  This instrument is modeled after the DSM-IV-TR substance 
dependence criteria (APA, 2000).  The directions for this measure were modified to include the 
statement ―BEFORE you had bariatric surgery…‖ preceding all items.  The questionnaire and 
scoring for this scale can be found in Appendix AA and BB.  Sample items include, ―I found 
myself constantly eating certain foods throughout the day.‖ ―There were times when I avoided 
professional or social situations because I was not able to consume certain foods there.‖ and ―I 
tried to cut down or stop eating certain kinds of foods.‖  Most  items are scored on a 5-point 
scale (0 = Never, 1 = Once a month, 2 = 2-4 times a month, 3 = 2-3 times a month, 4 = 4 or more 
times a month), with the exception of items 17 to 25.  Items 17 through 24 are dichotomously 
scored (Yes/No), while item 25 is scored on a 5-point scale (1 = 1 or fewer times, 2 = 2 times, 3 
= 3 times, 4 = 4 times, 5 = 5 or more times).  Developed and validated using a sample of college 
students, the YFAS has demonstrated adequate internal reliability (α = .75), convergent validity, 
and discriminant validity (Gearhardt et al., 2009).  In particular, evidence of convergent validity 
is supported given the association between the YFAS and other measures related to problem 
eating behavior (rs = .46 to .61), and discriminant validity was assessed by comparing this 
instrument to alcohol and impulsivity measures (Gearhardt et al., 2009).  This instrument has 
also recently been validated for use with obese individuals with binge-eating disorder (Gearhardt 
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et al., 2011).  Further validation of this instrument among different patient populations is 
requisite.   
Power of Food Scale (PFS; Didie, 2003).  The PFS is a 21-item questionnaire designed 
to assess psychological sensitivity to the food environment, or more specifically, sensitivity to 
environmental food cues (see Appendix CC; Cappelleri et al., 2009; Didie, 2003; Lowe et al., 
2009).  This measure assesses responses on a 5-point Likert scale (1 = Don’t agree at all, 2 = 
Agree a little, 3 = Agree somewhat, 4 = Agree, 5 = Strongly agree), with questions including ―I 
often think about what foods I might eat later in the day.‖ and ―When I see delicious foods in 
advertisements or commercials, it makes me want to eat.‖  No items on this measure are reverse 
scored.  Scores on this scale range from 21 to 105 with higher scores reflecting greater sensitivity 
to food cues and availability, thus implying that food has more ―power‖ over an individual.  This 
instrument has good psychometric properties (Cappelleri et al., 2009; Lowe et al., 2009).  In 
particular, reliability has been established by excellent internal consistency (α = .93) and 
adequate test-retest reliability (r = .79) and inter-item significant correlations (r = .39 to .79, p < 
.001).  This measure also demonstrates adequate convergent and discriminant validity (Didie, 
2003; Forman, Hoffman, McGrath, Herbert, Brandsma, & Lowe, 2007).   
Patient Health Questionnaire depression screening.  The depression scale of the 
Patient Health Questionnaire (PHQ-9; Kroenke, Spitzer, & Williams, 2001) is an instrument 
based upon the nine diagnostic criteria in the DSM-IV-TR required for a diagnosis of a major 
depressive episode (see Appendix DD).  It assesses an individual‘s experience with depressive 
symptoms over the past two weeks.  Items are scored on a 4-point scale (0 = Not at all, 1 = 
Several days, 2 = More than half the days, and 3 = Nearly every day).  Scores on the PHQ-9 
range from 0 to 27, with specific cut-points for mild (5-9), moderate (10-14), moderately severe 
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(15-19), and severe depression (20-27).  No items on this measure are reverse scored.  Sample 
items include, ―Over the last 2 weeks, how often have you been bothered by feeling little interest 
or pleasure in doing things?‖ and ―Over the last 2 weeks, how often have you been bothered by 
feeling down, depressed, or hopeless?‖  Major depression is diagnosed if five or more of the nine 
depressive symptoms are reported to be present at least ―more than half the days‖ and one of the 
symptoms endorsed includes depressed mood or anhedonia.   
The PHQ-9 has been demonstrated to be sensitive to changes in depression severity (.98) 
(Spitzer, Kroenke, & Williams, 1999).  Reliability for this measure was established based on 
internal consistency (α = .89) and test-retest reliability (intraclass correlation coefficient = .84 
within 48 hours) (Kroenke et al., 2001).  The diagnostic validity of the PHQ-9 was examined in a 
sample composed of eight primary care and seven obstetrical clinics.  Findings suggest that 
PHQ-9 scores greater than 10 have a sensitivity and specificity of .88 for major depression 
(Kroenke et al., 2001).  The PHQ-9 was originally validated in medical settings (Kroenke et al., 
2001), but more recently, this instrument has also been validated for use in the general 
population (Martin, Rief, Klaiberg, & Braehler, 2006).   
Design 
Data gathered for this investigation were cross-sectional.  This design was chosen as a 
practical and cost-effective method for assessing the association of the RRV-F and DD-F with 
weight loss and substance abuse outcomes following bariatric surgery.  Both documented and 
theoretically viable eating-related factors hypothesized to be associated with worse outcomes 
following bariatric surgery were also assessed.  Self-report measures yielded estimates of the 
following documented eating-related factors to facilitate the assessment of their contribution to 
poorer postoperative weight loss and substance-related outcomes: binge eating, grazing, and 
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craving.  Theoretically viable risk factors hypothesized to contribute to poorer postoperative 
outcomes included: dietary restraint, dietary disinhibition, nocturnal eating, psychological 
sensitivity to food cues (i.e., power of food), emotional eating, and food addiction.   
Data Analysis 
Analyses were conducted utilizing SPSS version 18.0.  Given online survey methodology 
(with hard copy surveys entered by the Principal Investigator), all responses were exported from 
SurveyMonkey into SPSS.  Data were cleaned and checked for completeness of data.  Normality 
of the distribution of data was checked by examining frequency distributions and descriptive 
statistics for all variables of interest.  Two RRV-F variables (Original Pringle vs. FF Pringle and 
Original Pringle vs. carrot) were positively skewed and could not be transformed to a distribution 
resembling normality.  In subsequent analyses, nonparametric correlation coefficients were used 
to examine associations between these measures (i.e., positively skewed RRV-F variables) and 
the outcomes of interest (i.e., post-surgical weight loss and SUD classification).  Analyses that 
involved hypothesized predictor variables not violating assumptions of normality (i.e., the RRV 
of preferred food vs. less preferred food and all DD-F k values) were examined using parametric 
correlation coefficients.   
It was originally hypothesized that time since surgery and gender (Branson et al., 2005), 
as well as being prescribed a medication with weight gain as a documented side effect, would 
influence post-surgical weight loss as well as SUD classification.  However, neither of these 
variables had a significant association with post-surgical outcomes of interest (see Table 3, 
below).  It was thus unnecessary to control for time since surgery or gender in subsequent 
analyses.  Both %EWL and %TWL have been cited as indices of successful post-surgical weight 
loss (with higher percentages reflecting more successful weight loss outcomes), and data from 
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the present study indicate a strong linear association between %EWL and %TWL, r = .88, p = 
.001.  Although %EWL is frequently cited as an indicator of the magnitude of weight lost 
following bariatric surgery (see Deitel & Greenstein, 2003), %TWL arguably has a stronger 
theoretical association with the RRV-F and DD-F.  The primary advantage of using %EWL as an 
indicator of post-surgical weight loss is to control for potential effects of presurgical BMI.  
However, presurgical BMI was not significantly correlated with the RRV-F or DD-F (see Table 
4, below), and both the RRV-F and DD-F were expected to influence post-surgical weight loss, 
irrespective of pre-surgical BMI.  Other arguments in favor of using %TWL over %EWL as an 
indicator of post-bariatric surgery weight loss include: (1) %EWL is not optimal for comparison 
of different patients or nonrandomized groups because of the variation in this measure as a 
function of initial BMI (i.e., higher initial BMI is typically associated with lower %EWL), and 
(2) %TWL is easier to calculate, comprehend, and explain to patients than %EWL (van de Laar, 
de Caluwe, & Dillemans, 2011).  Therefore, %TWL was used as the indicator of post-surgical 
weight loss for the remainder of this investigation.  Regarding substance use outcomes following 
surgery, the MAST/AD was used as the primary outcome measure to assess the presence or 
absence of a post-surgical SUD, although this measure cannot provide information on a SUD 
diagnosis for tobacco.  Although our sample of post-bariatric surgery patients with post-surgical 
SUDs was not large enough to compare differences between sub-groups of different substance 
users, data from the ASSIST v3.1 made it possible to assess the frequency of self-reported 
substance use for different types of substances, including tobacco, among those endorsing 
symptoms of post-surgical SUDs.  
It was originally anticipated that Mplus version 5.21 (Muthén, & Muthén, 1998-2007) 
would be used to estimate the model parameters for the path analysis assessing the relationship 
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between food reinforcement, impulsivity, and both proximal and distal outcomes following 
bariatric surgery (see Figure 5).  As the RRV-F and DD-F were not significantly associated with 
post-surgical outcomes (see Table 3, below), SPSS version 18.0 was used to identify the best 
combination of documented and theoretically viable eating-related variables to predict post-
surgical weight loss and substance-related outcomes using traditional inferential statistics.  
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Chapter 4: Results 
No demographic variables were found to correlate significantly with %TWL.  Only age 
and age at the time of bariatric surgery were significantly associated with SUD classification (see 
Table 3).  Those who had probable post-surgical SUDs were significantly younger (M = 46.70, 
SD = 8.91) than those without post-surgical SUDs (M = 54.55, SD = 10.15), t (134) = 3.25, p = 
.001.  Those with probable post-surgical SUDs also had bariatric surgery at a younger age (M = 
40.05, SD = 8.34) than those without post-surgical SUDs (M = 48.09, SD = 9.79), t (139) = 3.47, 
p = .001.   
Table 3 
  
Correlation coefficients between primary outcome variables (%TWL and substance abuse) with 
demographic variables (Full sample, N = 147) 
   1   2   3   4   5   6   7   8   9   10   11  12 
1. %TWL    ---            
2. Post-surgical 
SUD 
 
-.22**   ---           
3. Gender 
 
  .10 -.06   ---          
4. Age  .00 -.27***   .01   ---         
5. Ethnicity 
 
  .05 -.05   .24** -.18*   ---        
6. Martial 
Status 
-.02   .01 -.11 -.28**  .06   ---       
 
7. Education 
 
 
  .03 
 
  .05 
 
  .01 
 
-.33*** 
 
 .09 
 
 .21* 
 
  --- 
     
8. Employment 
Status 
 
-.03   .02 -.07   .38*** -.03 -.14 -.21*   ---     
9. Income 
 
-.01   .02 -.17*   .13 -.13  .13 -.31*** .30***   ---    
10. # years since 
surgery 
-.06   .08   .02   .23** -.12 -.08 -.19* .07 .15   ---   
 
11. Age at time 
of Surgery 
 
-.02 
 
-.28*** 
 
  .01 
 
  .97*** 
 
-.14 
 
-.26** 
 
-.28** 
 
.38*** 
 
.10 
 
-.03 
 
  --- 
 
 
12. Medication 
causing 
weight gain 
 
-.08 
 
-.14 
 
-.21** 
 
-.07 
 
-.07 
 
 .13 
 
  .08 
 
-.06 
 
.04 
 
-.05 
 
-.09 
 
  --- 
*p <.05; **p < .01; ***p < .001  
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Primary Aims 
 
Determine the type of food that has the highest reinforcing value for post-bariatric 
surgery patients.  Frequency distributions were examined to assess which food was endorsed 
the most frequently as the most preferred (see Food Preferences, pp. 48-49) among post-bariatric 
surgery patients.  The majority of respondents (55%) endorsed cheese as their most preferred 
food (see Figure 12). 
 
 
 
 
 
 
Figure 12. Percentage of post-bariatric surgery patients endorsing each food as their most 
preferred. 
 
Environmental sensitivity to food cues and responsivity to palatable foods (i.e., scores on 
the PFS) and scores on the RRV-F (Original Pringle vs. carrot) questionnaire were significantly 
correlated, rs = .21, p = .015, supporting convergent validity for the RRV-F (Original Pringle vs. 
carrot) questionnaire.  The association between responsivity to palatable foods and the RRV-F 
(Original Pringle vs. FF Pringle) questionnaire approached statistical significance, rs = .16, p = 
.061, while the association between appetite for palatable foods and the RRV-F (preferred food) 
questionnaire was not statistically significant, r = -.10, p = .244.  
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Mean differences in the RRV of self-selected preferred food were examined using 
independent sample t-tests.  As expected, those who endorsed Original Pringles as their most 
preferred food had the highest RRV-F on the Original Pringle vs. FF Pringle questionnaire (see 
Figure 13).  The RRV-F (Original Pringle vs. FF Pringle) for those selecting Original Pringles as 
their most preferred food was significantly higher than it was for those who endorsed FF 
Pringles, t(9) = 4.30, p = .002, or cheese, t(88) = 2.41, p = .018, as their most preferred food.  
The RRV-F (Original Pringle vs. FF Pringle) was not significantly different between those who 
endorsed Original Pringles as their most preferred food compared to those who endorsing 
carrots, t(23) = 1.42, p = .169, milk chocolate, t(33) = 1.47, p = .152, or French fries, t(14) = 
2.06, p = .059, as their most preferred food.  
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Figure 13. Mean (+ 1 SE) percent choice (RRV) for Original Pringles as a function of preferred 
food choice. Of note, those who selected FF Pringles as their most preferred food never selected 
Original Pringles on the RRV-F (Original Pringles v. FF Pringles) questionnaire. 
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As expected, the RRV-F (Original Pringle vs. carrot) was found to be highest among 
those who endorsed Original Pringles as their most preferred food (see Figure 14).  These 
participants had a significantly higher RRV-F (Original Pringle vs. carrot) when compared to 
those who endorsed FF Pringles, t(11) = 3.51, p = .005, carrots, t(9) = 4.37, p = .002, cheese, 
t(88) = 3.19, p = .002, or French fries, t(15) = 2.36, p = .032, as their most preferred food.  There 
was a non-significant difference in the RRV-F (Original Pringle vs. carrot) for those who 
endorsed their most preferred food as Original Pringles in comparison to those who indicated 
that their most preferred food was milk chocolate, t(33) = 1.85, p = .074. 
Figure 14. Mean (+ 1 SE) percent choice (RRV) for Original Pringles as a function of preferred 
food choice. Percent of choices for Original Pringles based on responses to the RRV-F (Original 
Pringle vs. carrot) questionnaire.  
 
Understand the relationships of food reinforcement and food-related impulsivity 
with post-bariatric surgery weight loss and substance use outcomes.   
RRV-F. The bivariate associations between the RRV-F (Original Pringle vs. FF Pringle, 
Original Pringle vs. carrot, and Preferred food vs. less preferred food) with %TWL were not 
statistically significant (see Table 4).   
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Table 4 
  
Correlation coefficients between primary outcome variables, predictor variables, and 
potential confounds (N = 147) 
   1   2   3   4   5   6  7  8   9 
1. % TWL   ---         
2. Post-surgical 
SUDs 
 
-.22**   ---        
3. RRV (Chips 
vs. FF Chip) 
-.04   .08   ---       
4. RRV (Chip 
vs. Carrot) 
 
-.03   .16 .31***   ---      
5. RRV 
(Preferred 
Food)  
 
 .13 -.04  .28** .34***   ---     
6. DD k value 
(Chips) 
 
 .01   .02 -.12 -.36*** .02   ---    
7. DD k value 
(Carrot) 
 
 .05 -.15   .06 .01 .22*  .55***   ---   
8. DD k value 
(Preferred 
Food) 
 
 .14   .05 -.07 -.28** .11  .63***  .54***   ---  
9. Presurgical 
BMI 
 .28** -.12   .01 .11 .02 -.10 -.05  .09   --- 
*p <.05; **p < .01; ***p < .001  
None of the measures of the RRV-F (Original Pringle v. FF Pringle, Original Pringle v. 
Carrot, Preferred food v. less preferred food) were significantly correlated with %TWL.  The 
RRV-F (Original Pringle vs. FF Pringle and Original Pringle vs. carrot) values were positively 
skewed and values could not be transformed to resemble a normal distribution.  Therefore, these 
variables were dichotomized and follow-up t-test analyses were conducted to assess their 
association with %TWL.  Although the mean difference did not reach statistical significance, 
means were in the expected direction.  Specifically, those who selected Original Pringles 
(relative to FF Pringles) at least once on the RRV-F questionnaire had lower %TWL (M = 33.13, 
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SD = 10.10) than those who never selected Original Pringles (M = 35.58, SD = 12.03), t(144) = 
1.31, p = .192 (see Figure 15).  A similar relationship emerged for those who selected Original 
Pringles relative to carrots at least once on the RRV-F questionnaire (M = 33.69, SD = 9.95) 
when compared to those who never selected Original Pringles (M = 34.41, SD = 11.88), t(144) = 
0.41, p = .686, although this mean difference was not statistically significant.   
 
Figure 15. Relationship between dichotomized RRV-F and %TWL following bariatric surgery. 
To further examine the association between the RRV-F and weight loss outcomes 
following bariatric surgery, exploratory analyses were conducted.  Two of the three RRV-F 
questionnaires were developed under the assumption that the high-fat/high-carbohydrate food 
(Original Pringles
TM
) would be widely preferred among post-bariatric surgery patients, and the 
RRV-F was calculated by computing the percentage of trials in which participants selected 
Original Pringles.  Thus, all individuals who indicated that they did not like Original Pringles (n 
= 45) were excluded from the sample and the aforementioned analyses were repeated with this 
smaller subsample of post-bariatric surgery patients (n = 102).  The bivariate associations 
between the RRV-F (Original Pringle vs. FF Pringle, Original Pringle vs. carrot, and Preferred 
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food vs. less preferred food) and %TWL were again not statistically significant (see Table 5).  
When the positively skewed RRV-F data were dichotomized, those who selected Original 
Pringles (relative to FF Pringles) at least once achieved a significantly lower %TWL (M = 33.30, 
SD = 9.55) when compared to those who never selected Original Pringles (M = 38.48, SD = 
8.62), t(99) = 2.59, p = .011.  A similar relationship emerged for those who selected Original 
Pringles (relative to carrots) at least once on the RRV-F questionnaire (M =33.96, SD = 9.04) 
relative to those who never selected Original Pringles (M =36.71, SD = 10.36), although this 
difference did not reach the level of statistical significance, t(99) = 1.38, p = .172. 
 
Table 5 
  
Correlation coefficients between primary outcome and predictor variables (Excluding those who do 
not like Original Pringles, n = 102) 
   1 2   3  4 5 6 7 8 
1. % TWL 
 
  ---        
2. Post-surgical 
SUDs 
 
-.26** ---       
3. RRV (Chips vs. 
FF Chip) 
 
-.03  .03     ---      
4. RRV (Chip vs. 
Carrot) 
 
-.05  .11     .32**   ---     
5. RRV (Preferred 
Food)  
¤  
 .13 -.03     .27**  .43*** ---    
6. DD k value 
(Chips) 
 
 .11  .07    -.04 -.41*** .04 ---   
7. DD k value 
(Carrot) 
 
 .10 -.12     .06  -.06  .21* .56*** ---  
8. DD k value 
(Preferred Food) 
 .24*  .12    -.12 -.44*** .02 .82*** .50*** --- 
*p <.05; ***p < .001  
 
 
75 
DD-F. The associations between all DD-F variables (Original Pringle, carrot, and 
preferred food) with %TWL were not significant (see Table 4).  It was anticipated that those 
reporting heightened food-related impulsivity (i.e., higher DD-F k values) would achieve 
significantly less weight loss following surgery.  Scores on a validated measure of food-related 
impulsivity (i.e., disinhibition subscale of the TFEQ) and scores on the DD-F (Original Pringle, 
carrot, and Preferred food) questionnaires were all significantly correlated, r = -.37, p = .001; r = 
-.33, p = .001; r = -.35, p = .001; respectively.  However, this association was in the opposite 
direction than expected.  Higher disinhibition scores (indicative of greater food-related 
impulsivity) were inversely associated with DD-F k values (suggesting lower food-related 
impulsivity and a greater ability to delay gratification).  Convergent validity for the DD-F 
questionnaires with a validated measure of food-related impulsivity was thus not supported in 
this investigation.  Exploratory analyses were thus conducted to assess this association between a 
validated measure of food-related impulsivity (i.e., disinhibition) and %TWL.  Heightened food-
related impulsivity (as measured by scores on the disinhibition subscale of the TFEQ) was 
significantly associated with lower %TWL, r = -.23, p = .005; this result supports the idea that 
individuals who report more impulsive food choice decisions post-surgery experience poorer 
postoperative weight loss outcomes.   
Exploratory analyses were conducted by excluding all individuals who indicated that they 
did not like Original Pringles that resulted in a final sample of 102 post-bariatric surgery patients.  
The association between DD-F k values (Original Pringle and carrot) and %TWL was again not 
statistically significant (see Table 5).  DD for preferred food and %TWL were significantly 
correlated, r = .24, p = .024, but in the opposite direction than was hypothesized.   
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Correlation matrices were examined to assess the association between DD-F and post-
bariatric SUD classification (see Table 4).  The associations between all DD-F variables 
(Original Pringle, carrot, and preferred food) with post-surgical SUD classification were not 
significant.  Heightened food-related impulsivity (as measured by scores on the disinhibition 
subscale of the TFEQ) was also not significantly associated with post-bariatric SUD 
classification, r = .14, p = .099.   
A compelling argument linking the RRV-F and DD-F has been advanced, suggesting that 
high food reinforcement in combination with an inability to delay gratification elevates risk for 
obesity (Appelhans, 2009).  The hypothesized association between the RRV-F and DD-F was 
explored using a sample of post-bariatric surgery patients.  An interaction term was created by 
multiplying the RRV-F (Preferred food vs. less preferred food) and DD-F (Preferred food).  As 
all RRV-F and DD-F values were significantly correlated (see Table 4), it was not essential that 
multiple interaction terms were created for all possible combinations of the RRV-F and DD-F 
variables.  Subsequently, only the two variables that involved responding for self-selected 
preferred food were chosen to create an interaction term.  Non-parametric correlation 
coefficients were assessed to examine the association between %TWL with the interaction of 
RRV-F and DD-F.  Results did not support the argument that the interaction of the RRV-F and 
DD-F is the most detrimental combination for post-surgical weight loss, rs = .02, p = .803.  There 
was also no evidence to support that this interaction term negatively impacted post-surgical SUD 
classification, rs = .05, p = .583.  Given our growing concerns that the online questionnaire 
measure of the DD-F was not a valid measure among post-bariatric surgery patients (see 
Discussion), additional exploratory analyses were conducted to assess impulsivity-related 
hypotheses using a valid measure of food-related impulsivity, the TFEQ disinhibition scale.  A 
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second interaction term was created with the RRV-F (Preferred food) and disinhibition (subscale 
of the TFEQ).  Once again, results do not support the argument that the interaction between the 
RRV-F and food-related impulsivity is the most detrimental to post-surgical weight loss, rs = .02, 
p = .802.  There was also no evidence to support that this interaction term was negatively 
associated with post-surgical SUD classification, rs = .07, p = .410.  A third interaction term was 
created with responses to the PFS, which taps sensitivity to environmental food cues and is 
theoretically similar to certain dimensions of the RRV-F, and food-related impulsivity (as 
measured by the disinhibition subscale of the TFEQ).  This interaction term was significantly 
correlated with both %TWL, rs = -.19, p = .028, as well as probable post-surgical SUD, rs = .18, 
p = .036.   
 To further explore the association between scores on the PFS, TFEQ disinhibition, and 
their interaction with postoperative weight loss outcomes, a multiple linear regression analysis 
was conducted.  These three variables accounted for 14.1% of the variance in %TWL, F(1,128) 
= 6.98, p = .000.  When these three eating-related variables were simultaneously entered into the 
multiple regression analysis, only disinhibition was significantly associated with %TWL (B = -
2.38, p = .003).  PFS score (B = -0.01, p = .929) and the interaction between PFS and 
disinhibition (B = .018, p = .172) were not significantly associated with %TWL.   
A logistic regression analysis was conducted to further assess the relationship between 
the interaction of the RRV-F (as measured by the PFS scale) and food-related impulsivity with 
post-surgical SUD classification.  Age was entered on block 1, given that this variable was 
significantly correlated with post-surgical SUD classification (see Table 3), and PFS, 
disinhibition, and their interaction term were entered on block 2.  Results indicate that older age, 
OR = 0.93; 95% CI [0.88, 0.98], p = .006, significantly decreased the odds of a post-surgical 
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SUD.  Although PFS independently conferred additional risk for endorsing symptoms of a post-
surgical SUD, OR = 1.10; 95% CI [1.01, 1.19], p = .032, neither disinhibition, OR = 1.55; 95% 
CI [0.89, 2.67], p = .120, nor the interaction between the PFS and disinhibition, OR = 0.99; 95% 
CI [0.98, 1.00], p = .085, were significantly associated with post-surgical SUD classification.   
Assess whether documented risk factors for poor outcomes following bariatric 
surgery either mediate or moderate the association of food reinforcement and impulsivity 
with post-surgical outcomes.  The online questionnaire measures of both the RRV-F and DD-F 
were either not associated with post-bariatric surgery weight loss or substance use outcomes or 
not associated with these outcomes in the anticipated direction.  Because the initial steps 
necessary to conduct meditation and moderation analyses were not satisfied (see Baron and 
Kenny, 1986), analyses to test whether binge eating, grazing, or craving mediated the association 
between the RRV-F and DD-F with %TWL and post-surgical SUD classification were not 
conducted.  In the following section, the associations among these documented eating-related 
risk factors with weight loss and substance-related outcomes were explored. 
Exploratory Analyses 
Identify the best combination of variables to predict post-surgical outcomes.  A total 
of 20 participants (14%) met criteria for a probable postoperative SUD, 70% of whom did not 
endorse symptoms of a presurgical SUD.  Of those with SUDs, opioids, sedatives, tobacco and 
alcohol were reportedly used most often (see Figure 16).  While a SUD diagnosis could not be 
provided for tobacco, 43% of those endorsing symptoms of a post-surgical SUD (with no history 
of presurgical substance-related problems) endorsed tobacco use within the past three months.  
Among those who endorsed symptoms of a probable SUD both pre- and post-surgery, 33% 
endorsed tobacco use within the past three months.  Eight percent of those who denied both pre- 
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and post-surgical SUDs endorsed tobacco use, while 38% of those who endorsed symptoms of a 
pre- but not post-surgical SUD endorsed past three month tobacco use. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16. Percentage of SUD participants (classified by MAST/AD scores) at moderate risk for 
pathological involvement with specific substances (as indicated by the ASSIST).  
 
 
There was a significant negative correlation between %TWL and SUD classification, r =   
-22, p = .009 (see Table 4).  Participants meeting criteria for a probable post-bariatric surgery 
SUD (n = 20) achieved a lower %TWL (M = 28.90, SD = 14.01) than those who did not meet 
criteria for a post-bariatric surgery SUD (n = 120, M = 35.48; SD = 9.46), t(138) = 2.67, p = 
.009.  Six participants were excluded from analyses using listwise deletion because they failed to 
complete the MAST/AD, and one additional participant was excluded for failing to report the 
information necessary to compute %TWL.  To examine whether post-weight loss surgery SUD 
predicts %TWL, beyond what is predicted by post-surgical eating-related variables, a multiple 
regression analysis was conducted with eating-related variables found to significantly correlate 
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with %TWL (see Table 6) entered on block 1 and SUD classification (i.e., probable SUD vs. no 
SUD) entered on block 2 (see Table 7).  The eating-related variables (i.e., dietary restraint, 
dietary disinhibition, and emotional eating) accounted for 14.2% of the variance in %TWL, 
F(3,139) = 7.49, p = .0001.  When SUD classification was added to the model, a total of 17.7% 
of the variability in %TWL was explained, F(4,139) = 7.24, p = .0001, ∆R2= .035.  When the 
effects of all other predictors were held constant, post-bariatric surgery SUD was significantly 
associated with %TWL (B = -5.61, p = .018). 
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Table 6  
  
Correlation coefficients between primary outcome variables and eating-related variables (Full sample, N = 147) 
 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1. %TWL   ---              
2. Post-surgical 
SUDs 
 
-.22**    ---             
3. NEQ -.13  .32***    ---            
4. QCSRF total 
 
-.14  .09  .45***    ---           
5. Restraint  .32***  .02 -.15 -.28**    ---          
6. Disinhibition 
 
-.23**  .14  .47***  .58*** -.11    ---         
7. Hunger -.13  .17*  .42***  .61*** -.08  .69***    ---        
8. EES -.17*  .08  .54***  .39*** -.23**  .57***   .40***   ---       
9. Grazing -.05 -.10  .03  .14 -.06  .19*   .12  .06   ---      
10. YFAS Sx 
total 
 
-.08  .26*  .36**  .37** -.06  .35**   .34**  .51*** -.13   ---     
11. PFS 
 
-.10  .19*  .53***  .58*** -.14  .70***   .71***  .53***  .10  .51***   ---    
12. Problem 
food Count 
 
 .12  .07  .12  .05  .10  .18*   .15  .12 -.12  .19  .15   ---   
13. BED Dx -.02 -.05  .23**  .20* -.05  .20*   .17*  .16 -.05  .17  .23*  .03   ---  
 
14. Subjective 
binge eating 
 
 .16 
 
 .04 
 
-.24** 
 
-.34*** 
 
 .27** 
 
-.52*** 
 
-.43*** 
 
-.40*** 
 
-.18* 
 
-.07 
 
-.43*** 
 
-.05 
 
-.24** 
 
  --- 
Note. The association between subjective binge eating and %TWL was approaching statistical significance (p = .060).  
*p <.05; **p < .01; ***p < .001
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Note. N = 139. CI = Confidence interval.  
*p <.05, **p < .01, ***p < .001 
 
Relative to post-bariatric surgery patients without SUDs, those with probable post-
surgical SUDs were significantly more likely to have a family history of SUD (see Table 8), and 
these participants endorsed significantly greater number of categories of family members with a 
SUD history (M = 1.05; SD = 1.28) than those without a post-bariatric surgery SUD (M = 0.50, 
SD = 0.93), t(139) = -2.29, p = .023.  Those with a family history of SUD had nearly a three-fold 
greater risk for developing a post-surgical SUD, OR = 2.67; 95% CI [1.02, 6.99], p = .046, and 
each additional family member category positive for SUD history compounded risk.  A follow-
up chi-square analysis indicated that 50% of those endorsing symptoms of a probable post-
surgical SUD also had a family history of substance abuse, while only 27% without a post-
Table 7 
 
Predictors of %TWL    
 Model 1 Model 2 
 B 95% CI B 95% CI 
Variables      
Constant  
 
Dietary Restraint 
 
Dietary Disinhibition 
 
Emotional Eating  
 
Post-surgical SUD 
35.17*** 
 
.403* 
 
-.998** 
 
.044 
[29.17, 41.16] 
 
[0.05, 0.75] 
 
[-1.59, -0.41] 
 
[-0.06, 0.14] 
35.20*** 
 
.421* 
 
-.918** 
 
.045 
 
-5.61* 
[29.31, 41.09] 
 
[0.08, 0.77] 
 
[-1.50, -0.33] 
 
[-0.05, 0.14] 
 
[-10.24, -0.97] 
 
R
2
 .142 .177 
F 7.49*** 7.24*** 
∆R2  .035 
∆F  5.73* 
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bariatric surgery SUD had a family history of substance abuse, X
2
(1) = 4.18, p = .041.  The post-
bariatric surgery SUD group had significantly higher scores on the NEQ, PFS, YFAS, and TFEQ 
hunger subscale (see Table 6 and Figure 17).  Family history of a SUD emerged as a strong 
predictor of probable post-surgical SUD in logistic regression models that included all combined 
predictors, although this relationship only approached statistical significance (p = .067).  
However, a higher score on the NEQ was significantly associated with increased odds for a 
probable post-bariatric surgery SUD (see Table 9).  As the remaining eating-related variables 
(i.e., PFS, YFAS, and hunger) were no longer significantly associated with post-surgical SUD in 
analyses that included all combined predictors, intercorrelations between these eating-related 
variables and NEQ were explored.  Results revealed a significant correlation between NEQ with 
YFAS symptom total, r = .29, p = .001, PFS, r = .53, p = .001, and hunger, r = .42, p = .001.  
Correlation matrices were examined to assess the association between psychosocial 
variables and post-bariatric surgery SUD classification (see Table 8).  Overall health-related 
QOL, as well as the psychological domain (domain 2), social relationships domain (domain 3), 
and environmental domain (domain 4) were significantly associated with %TWL.  Post-surgical 
SUD classification was significantly associated with scores on the PHQ-9, overall QOL, health-
related QOL, as well as the physical health domain, psychological domain, social relationships 
domain, and environmental domain of the WHOQOL-BREF (see Figure 18).  
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Table 8 
  
Correlation coefficients between primary outcome variables and psychosocial variables (N = 147) 
  1 2 3 4 5 6 7 8 9 10 11 
1. %TWL  ---           
2. Post-
surgical 
SUDs 
 
-.22**  ---          
3. Family Hx 
of 
Substance 
Abuse 
 
-.04 -.17*   ---         
4. PHQ-9 
 
-.12  .29*** -.30***    ---        
5. Overall 
QOL 
 
 .10 -.21*  .28** -.64***   ---       
6. Health-
related 
QOL 
 
 .28** -.23**  .20* -.54*** .69***   ---      
7. WHOQOL 
Domain 1 
 
 .06 -.17*  .18* -.64*** .62*** .66***   ---     
8. WHOQOL 
Domain 2 
 
 .27** -.30***  .30*** -.78*** .72*** .60*** .56***   ---    
9. WHOQOL 
Domain 3 
 
 .29** -.28**  .21* -.62*** .54*** .43*** .44*** .71***   ---   
10. WHOQOL 
Domain 4 
 
 .19* -.20*  .16 -.57*** .60*** .49*** .56*** .66*** .56*** ---  
*p <.05; **p < .01; ***p < .001  
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Figure 17. Eating-related variables that differed significantly (p < .05) between those with post-
bariatric surgery SUDs (n = 20) and those without post-bariatric surgery SUDs (n = 120).  
 
 
Note. N = 115. CI = Confidence interval. The association between family history of SUD and post-
bariatric surgery SUD in model 2 was approaching statistical significance (p = .067). Risk of a 
postoperative SUD conferred by family history of SUD in model 1 is larger than previously mentioned in 
the text because of the smaller sample size in this analysis.  The sample size was smaller because 
participants who failed to complete eating-related measures (n = 26) were excluded using listwise 
deletion.  
*p <.05, **p < .01, ***p < .001 
 
Table 9 
 
Factors elevating risk for Post-Bariatric Surgery SUD 
 B S.E Exp(B) 95% CI 
Model 1     
Constant  -2.67 .462 .069***  
Family Hx SUD 1.50 .600 4.47* [1.38; 14.47] 
 
Model 2 
    
Constant -4.70 1.20 .000**  
Family Hx SUD 1.19 .652 3.30 [0.92; 11.85] 
NEQ .141 .058 1.15* [1.03; 1.30] 
PFS -.009 .026 0.99 [0.94; 1.04] 
YFAS Sx Total -.030 .213 0.97 [0.64; 1.47] 
Hunger .063 .129 1.07 [0.83; 1.37] 
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Figure 18. Differences in psychosocial variables (M ± 1 SE) between those without a post-
bariatric surgery SUD and those with a post-surgical SUD.  
 
Both %TWL and post-surgical SUD classification were found to correlate with health-
related QOL (see Table 8).  It was thus anticipated that the combination of a probable post-
surgical SUD and lower %TWL would contribute to lower health-related QOL, above and 
beyond each post-surgical outcome in isolation.  Results show that the interaction of %TWL and 
post-surgical SUD classification was not significantly associated with health-related QOL, r  = 
.06, p = .454.  Refer to Figure 19 for a visual depiction of the association between health-related 
QOL, a median split of %TWL, and post-surgical SUD classification.   
 
 
Figure 19. Association 
between health-related QOL 
with %TWL and SUD 
classification. 
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Chapter 5: Discussion 
 
The present study examined associations between food reinforcement, food-related 
impulsivity, and other eating-related variables with post-surgical weight loss and postoperative 
SUD classification.  Current knowledge of the factors that influence post-surgical outcomes is 
still in its infancy (Elder & Wolfe, 2007; Hsu et al., 1998); accordingly, this study was designed 
to advance our understanding of the variables that may serve as indicators of poor prognosis 
following bariatric surgery.  
This sample was primarily Caucasian, female, and had a post-surgical BMI in the Obese 
Class I range (BMI 30.00-34.99 kg/m
2
).  The demographics of the overall sample are 
representative of those who typically undergo bariatric surgery with respect to race, gender, and 
post-surgical weight loss (e.g., Nguyen et al., 2005; Poulose et al., 2005; Suzuki, Haimovici, & 
Change, 2012).  Age of survey respondents differed by method of survey completion (i.e., hard-
copy versus online questionnaire).  Although participants were primarily middle-aged, those 
completing the hard-copy survey were significantly older than the rest of the sample.  More 
interestingly, the prevalence of a probable post-surgical SUD was significantly lower for those 
completing the hard-copy survey.  According to the results from two studies that used 
retrospective chart reviews to compare post-surgical outcomes between older and younger post-
bariatric surgery patients, older age at the time of bariatric surgery does not increase post-
surgical complications (Ramirez et al., 2009; Willkomm, Kennedy, Fisher, Barnes, & Kuhn, 
2009).  In the current investigation, findings support that older age at the time of bariatric surgery 
may also serve as a protective factor against the development of a post-bariatric surgery SUD.   
The outcomes that have been cited most consistently as predictors of successful weight 
loss following bariatric surgery are younger age at time of surgery (Kruseman, Leimgruber, 
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Zumbach, & Golay, 2010), male gender (Sarwer, Fabricatore, Eisenberg, Sywulak, & Wadden, 
(2008), Caucasian race (Carlin, O‘Connor, Genaw, & Kawar, 2007; Harvin, DeLegge, & 
Garrow, 2008), and lower preoperative BMI (Carlin et al., 2007; Chen et al., 2009; Dallal, 
Quebbemann, Hunt, & Braitman, 2009; Livhits et al., 2011).  In the present study, although 
presurgical BMI was significantly related to %TWL, age at the time of surgery, male gender, and 
Caucasian race were not.  Differences in %TWL based on gender and race were difficult to 
detect as 80% and 93% of the overall sample was female and Caucasian, respectively.  Although 
younger age at the time of surgery was not significantly associated with %TWL, it was 
associated with endorsing symptoms of a post-surgical SUD.  
Aim 1: Determine the type of food (high-sugar, high-fat, or high-carbohydrate) that has the 
highest reinforcing value for post-bariatric surgery patients 
Cheese was endorsed as the most preferred food among post-bariatric surgery patients, 
suggesting that post-bariatric surgery patients may prefer high-fat, low-carbohydrate, and no 
sugar foods.  Despite recent findings linking food reinforcement to sugar content in non-bariatric 
surgery samples (Epstein et al., 2011), the high-sugar food may not have been selected as the 
most preferred because of changes in the neural response to sweet foods, postingestive side 
effects, and altered taste perception for sweet foods that occur after bariatric surgery (Cummings 
et al., 2004; Hajnal et al., 2010; Miras & le Roux, 2010; Ochner et al., 2011; Tichanskey et al., 
2006; Tichansky et al., 2011).  The finding that the high-fat food was selected as the most 
preferred has important implications, as Sugerman and colleagues (1987) found that the frequent 
ingestion of high-fat junk food is associated with poorer post-bariatric weight loss outcomes.  In 
this investigation, cheese was selected as the preferred food more frequently than the healthier 
alternative (i.e., carrots).  Although carrots were arbitrarily selected as the healthier alternative, it 
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is notable that post-surgical consumption of carrots has the potential to contribute to ―plugging‖, 
a syndrome that occurs when food becomes lodged in a post-bariatric patient‘s upper digestive 
tract causing discomfort and an urge to vomit (e.g., de Zwaan et al., 2010; Kinzl, Trefalt, Fiala, 
& Biebl, 2002; Powers et al., 1999).  On the one hand, cheese is high in fat.  On the other hand, 
cheese is high in protein, which helps to build muscles and repair other body tissues to enhance 
healing post-surgery (Mechanick et al., 2009).  Thus, the finding that cheese was selected as the 
preferred food more often overall may reflect the successful post-surgical outcome of this 
sample, averaging 70 %EWL and 34 %TWL.  For most participants, selecting cheese as the most 
preferred food may have reflected an effort to adhere to post-surgical guidelines and 
recommended food choices.  Additional support for this assumption is available, as preference 
for the high-fat food option (i.e., cheese) did not enhance the likelihood of selecting other high-
fat food options (e.g., Original Pringles) on the reinforcing value of food tasks.  Stated 
differently, preference for the high-fat food (cheese) did not generalize to preference for other 
high-fat, high-carbohydrate, ―junk‖ foods.  
Aims 2 and 3: Understand the relationships of food reinforcement and food-related 
impulsivity with post-bariatric surgery weight loss and substance-related outcomes 
 Food reinforcement, but not food-related impulsivity, has been independently associated 
with energy intake and obesity (Rollins et al., 2009).  The same association was found in this 
sample of post-bariatric surgery patients.  On both mandatory food reinforcement tasks (i.e., 
Original Pringle v. FF Pringle, Original Pringle v. carrot), individuals who selected Original 
Pringles at least once on these questionnaires had a lower %TWL, although these mean 
differences were not statistically significant.  However, when individuals who indicated that they 
disliked Original Pringles were excluded from analyses, those selecting Original Pringles at least 
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once lost significantly less weight than those who never selected Original Pringles.  This finding 
takes on additional significance as the power to detect an effect was reduced with the exclusion 
of the 45 participants who disliked Original Pringles.  In non-bariatric samples, the RRV of high-
fat, high-carbohydrate, low-protein snack foods is higher among obese than non-obese 
individuals (e.g., Epstein, Temple, et al., 2007; Saelens & Epstein, 1996; Temple et al., 2009).  
Findings from the current investigation extend these findings to post-bariatric surgery patients, 
and provide some support that food reinforcement may also influence post-surgical weight loss.  
The behavioral economic approach to understanding food choice behavior and related outcomes 
thus has potential to advance our understanding of factors that may be driving the obesity 
epidemic, and the RRV of high-fat, high-carbohydrate, low-protein food may confound 
individuals‘ efforts to overcome weight problems.   
 Although food reinforcement was found to be a useful indicator of poor post-surgical 
weight loss, food-related impulsivity (as measured by the DD-F questionnaire) was not 
significantly related to %TWL.  In addition, the association between DD-F and post-surgical 
SUD classification was paradoxical, as those who endorsed symptoms of a probable post-
surgical SUD also endorsed lower levels of food-related impulsivity (according to the DD-F 
questionnaires).  The original hypothesis would have been supported if postoperative substance 
users endorsed greater food-related impulsivity than non-substance users.  However, even when 
a validated measure of food-related impulsivity that has been successfully used with post-
bariatric surgery patients (Kalarchian et al., 2002) was employed, those with higher disinhibition 
scores were not significantly more likely to endorse symptoms of a probable postoperative SUD.  
Evidence of convergent validity for the online assessment of the DD-F with scores on the 
disinhibition subscale was not found, as higher disinhibition scores were associated with lower 
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DD-F k values (i.e., lower impulsivity).  Among non-bariatric samples, evidence supporting the 
validity of this online questionnaire measure of the DD-F is mixed.  In an investigation that 
recruited a small sample (N = 21) of college students from a Midwestern university to participate 
in two experimental food choice sessions, online methodology for assessing the DD-F was useful 
when impulsivity classification (high versus low) was based on DD-F k values.  Specifically, this 
classification differentiated the amount of food participants worked for in laboratory food choice 
sessions (see Reslan et al., 2012a).  However, when two online questionnaire measures of food-
related impulsivity (DD-F and disinhibition subscale of the TFEQ) were administered to a larger 
sample of non-bariatric surgery patients (N = 281), the association between DD-F k values and 
disinhibition scores was not statistically significant (Reslan et al., 2012b).  In both investigations, 
online methodology for assessing DD-F was employed, but DD-F k values were found to be a 
useful and valid measure of food-related impulsivity only when a portion of the assessment was 
conducted in the laboratory.  Therefore, although online survey methodology enables researchers 
to conserve resources and time, and facilitates recruitment from broad geographic regions 
(Granello & Wheaton, 2004), assessing all constructs online may be too burdensome for some 
participants and contribute to invalid responding.  In the current investigation, efforts to validate 
an online measure of the DD-F with a sample of post-bariatric surgery patients were also 
unsuccessful.  A feasible alternative to collect valid data would be to use a combination of online 
and laboratory assessments of eating-related variables with bariatric samples.  
Among non-bariatric surgery patients, individuals who are older generally require more 
time to complete web-based surveys (Fricker, Galesic, Tourangeau, & Yan, 2005).  Specifically, 
those aged 44 years and older, similar to the average age range at which patients undergo 
bariatric surgery (Gustafson et al., 2006; Nguyen et al., 2011; Poulose et al., 2005; Suzuki et al., 
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2011), require the greatest amount of time to complete online questionnaires.  In combination 
with the body of literature that suggests that cognitive impairment is a common consequence of 
gastric bypass surgery (e.g., Angstadt & Bodziner, 2005; Berger, 2004; Escalona et al., 2004; 
Kazemi, Frazier, & Cave, 2010; Loh et al., 2004; Sola et al., 2003; Velasco et al., 2009), lengthy 
online surveys assessing complex constructs such as the DD-F may not be ideal for post-bariatric 
samples.  On average, the typical post-bariatric surgery patient maintains extreme dietary 
restriction following surgery, and without supplementation, such dietary restriction can lead to 
cognitive deficits secondary to inadequate nutrition (e.g., Bloomberg, Fleishman, Nalle, Herron, 
& Kini, 2005; Matrana & Davis, 2009).  Certain nutritional deficiencies are more common than 
others (e.g., vitamin B12 deficiencies), with long-term prevalence estimates of 36 to 70% 
(Amaral, Thompson, Caldwell, Martin, & Randall, 1985; Halverson, 1986) following surgery.   
DD-F is traditionally assessed in the laboratory setting, where an examiner is available to 
explain the task and answer questions (e.g., Lagorio et al., 2005; Odum et al., 2006).  Laboratory 
measures of these constructs may better suit the needs of this population, as cognitive demands 
of specific tasks may be reduced and breaks can be systematically built into the experimental 
session.  Extant reports have only described and offered prevalence estimates of cognitive 
impairment following bariatric surgery, so additional research is needed to understand the 
severity of these impairments and the functional consequences of postoperative cognitive 
decline.  While it is speculated that the online measure of complex constructs such as the DD-F 
may be too burdensome for post-bariatric surgery patients to complete, well controlled research 
studies comparing the cognitive burden of different types of research methodologies (e.g., 
experiments, paper and pencil questionnaires, web-based surveys) among post-surgical patients 
with and without postoperative cognitive deficits have not yet been conducted.  It is also 
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important to note that the hypothetical amounts of food participants could work for during the 
DD-F task was substantially larger than what any post-surgical patient would be able to consume 
in a single sitting without experiencing discomfort.  Therefore, future research should explore the 
relationship between food-related impulsivity and outcomes following bariatric surgery using 
even smaller hypothetical or real units of food.   
Although the combination of heightened food reinforcement and food impulsivity was 
hypothesized to adversely affect outcomes following bariatric surgery, support for this assertion 
was not found among this community sample of Roux-en-Y gastric bypass patients.  The 
combination of higher sensitivity to environmental food cues (PFS scale) and heightened food-
related impulsivity (TFEQ disinhibition subscale) contributed to poorer post-surgical outcomes 
(%TWL and substance-related outcomes) in bivariate analyses.  However, when scores on the 
PFS, TFEQ disinhibition subscale, and their interaction were simultaneously entered into 
regression analysis, the interaction between the reinforcing value of food (PFS scale) and 
disinhibition was no longer significantly associated with postoperative weight loss or SUD 
classification.  Differences in the manner by which food reinforcement and impulsivity were 
operationally defined in this study may help to explain why this hypothesis was not replicated.  
The theory specifies that food reinforcement and general impulsivity, not domain-specific 
impulsivity for food rewards, interact to increase risk for obesity (Appelhans, 2009; Epstein et 
al., 2010).  Heightened sensitivity to environmental food cues (i.e., PFS) was also used as a 
proxy measure of the reinforcing value of food in this investigation.  Despite theoretical 
similarities between these constructs, the PFS has not been validated as a measure of food 
reinforcement per se.  While convergent validity for responses to the RRV-F (Original Pringle v. 
carrot) with scores on the PFS was found in this investigation, additional empirical evidence is 
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necessary to support that higher sensitivity to environmental food cues is indeed a valid proxy 
measure of the reinforcing value of food.  Evidence from studies of non-bariatric patients support 
the idea that heightened food reinforcement in combination with poor impulse control elevates 
risk for obesity (Appelhans, 2009; Epstein et al., 2010).  This hypothesis warrants replication in 
post-bariatric surgery patients, using similar constructs as those original studies.  
Aim 4: Assess whether documented risk factors for poor outcomes following bariatric 
surgery either mediate or moderate the association of food reinforcement and impulsivity 
with post-surgical outcomes 
To summarize, food reinforcement and food-related impulsivity (as measured by DD-F k 
values) were not associated with postoperative outcomes as it was originally hypothesized.  Only 
the mean difference between classifications from the dichotomized RRV-F (No Original Pringle 
(relative to FF Pringle) vs. Any Original Pringle (relative to FF Pringle) choices) among those 
who endorsed liking Original Pringles was significantly associated with %TWL, and neither the 
reinforcing value of food nor food-related impulsivity were significantly associated with post-
surgical SUD classification in a meaningful fashion.  The candidate mediators (i.e., binge eating 
and grazing) and moderator (i.e., craving) were also uncorrelated with post-surgical outcomes 
(%TWL or SUD classification).  While postoperative maladaptive eating behaviors, such as 
binge eating and grazing, have been associated with poorer weight loss outcomes following 
surgery (Colles, Dixon, O‘Brien, 2008; de Zwaan, 2005; Mitchell et al., 2001; Pekkarinen, 
Koskela, Huikuri, & Mustajoki, 1994), these findings have not been consistently replicated.  
Specifically, Burgmer and colleagues (2005) failed to find an association between postoperative 
binge eating and weight loss outcomes.  Several studies have also found that while pre-surgical 
binge eating is common, surgical reduction in stomach capacity can lead to the complete absence 
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of post-bariatric surgery binge eating (e.g., Adami, Meneghelli, & Scopinaro, 1999; Dymek, le 
Grange, Neven, & Alverdy, 2001; Kalarchian, Wilson, Brolin, & Bradley, 2000; Latner et al., 
2004; Malone & Alger-Mayer, 2004; Powers et al., 1999).  A review article from Niego and 
colleagues (2007) highlights that a consensus has not yet been reached to define postoperative 
maladaptive eating behavior (e.g., binge eating), but in studies that exclude the ―large amount of 
food‖ criteria, higher rates of postoperative binge eating have been found.  Recently, it has been 
proposed that subjective binge episodes, or eating a subjectively large amount of food and feeling 
a loss of control over eating, should be used to define postoperative binge eating (de Zwaan et 
al., 2010).   
In this investigation, both subjective and objective binge episodes were assessed, but 
neither were significantly associated with post-surgical outcomes (i.e., %TWL or SUD 
classification), although there was a trend relationship between subjective binge eating and 
%TWL.  In studies that have found a significant association between binge eating and 
postoperative weight loss, the number of subjective binge episodes was assessed, and a greater 
number of subjective binge episodes contributed to poorer postoperative weight loss (e.g., de 
Zwaan et al., 2010).  In the current investigation, the number of subjective binge episodes was 
not assessed, but this association warrants replication.  In addition, a more systematic definition 
of post-surgical binge eating should be pursued.  
Some studies have shown that post-operative grazing is related to less post-surgical 
weight loss (e.g., Colles et al., 2008), but in the current study grazing was not associated with 
weight loss.  Grazing was operationalized as the consumption of smaller amounts of food in an 
unplanned and repetitious way without loss of control, a definition that was drawn from the 
EDE-BSV (de Zwaan et al., 2010).  In another report that failed to find an association between 
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grazing and postoperative weight loss, grazing was also assessed using the EDE-BSV (de Zwaan 
et al., 2010).  The EDE-BSV was developed in an attempt to standardize the definition of 
pathological post-bariatric surgery eating behavior.  Unfortunately, questions on the EDE-BSV 
fail to differentiate pathological grazing from grazing motivated by postoperative constraints 
placed on eating.  Dietary restriction is the most well known side effect of bariatric surgery, as 
this procedure alters the amount and manner by which one is able to consume food.  Future 
efforts to understand the association between postoperative grazing and weight loss should 
clearly differentiate pathological grazing from frequently eating small portions, as the latter is 
medically encouraged after bariatric surgery.   
Similar to binge eating and grazing, food craving was also not significantly related to 
postoperative weight loss or substance-related outcomes.  Craving was assessed using the 
QCSRF, which was validated for assessing food cravings among individuals addicted to alcohol 
(Bohn et al., 1995) and tobacco (Toll et al., 2008), but not post-bariatric surgery patients.  
Although it was originally hypothesized that craving for sweet and rich foods would negatively 
impact post-surgical outcomes, post-gastric bypass patients may find sweet tasting foods more 
intense and unpleasant (Miras & le Roux, 2010), which may help to explain the absence of an 
association between this construct and post-surgical outcomes.  Future research should assess the 
association between general food craving (not specifically craving for sweet and rich food) and 
%TWL or postoperative substance-related outcomes.  Craving for high-fat food and its 
association with weight loss and SUD classification should also be a focus, as findings from this 
investigation suggest that post-bariatric surgery patients may prefer high-fat, low-carbohydrate 
snack foods.  
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Aim 5: Identify the best combination of variables to predict post-surgical weight loss and 
substance-related outcomes through the use of exploratory analyses    
Bariatric patients‘ weight loss approximated that reported in the literature (e.g., 
Buchwald, 2005; Valezi et al., 2010), and 14% of this community sample of post-bariatric 
surgery patients endorsed symptoms of a probable current SUD.  Eating-related variables were 
associated with both %TWL and SUD classification, although different specific eating behaviors 
were associated with each outcome.  Dietary restraint, disinhibition, and emotional eating were 
associated with %TWL, while nocturnal eating, food addiction, subjective feelings of hunger, 
and heightened sensitivity to environmental food cues were associated with SUD classification.   
Post-bariatric surgery patients who endorsed greater dietary restraint and lower dietary 
disinhibition reported the best post-surgical weight loss outcomes.  Among non-bariatric surgery 
samples, dietary restriction (i.e., restraint) is thought to enhance attention to stimuli (e.g., food; 
Raynor & Epstein, 2003), which may inadvertently cause food stimuli to become more 
reinforcing and enhance the desire to obtain it.  This may not be the case following bariatric 
surgery. Roux-en-Y gastric bypass surgery results in a reduction of the orexigenic peptide 
ghrelin (e.g., Foschi et al., 2008), an increase in GLP-1 (e.g., Morinigo et al., 2006), and an 
increase in PYY (e.g., Karamanakos, Vegenas, Kalfarentzos, & Alexandrides, 2008).  These 
mechanisms lead Roux-en-Y bypass surgery patients to experience less hunger and achieve 
fullness more quickly (Ochner, Gibson, Shanik, Goel, & Geliebter, 2011).  Following bariatric 
surgery, higher dietary restriction may not necessarily increase the attention paid to particular 
stimuli; rather, restraint may signify stricter adherence to post-surgical guidelines.  Similar to the 
finding of Burgmer and colleagues (2005), post-surgical patients who endorsed greater dietary 
disinhibition achieved poorer post-surgical weight loss outcomes.  Dietary disinhibition has been 
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consistently cited as a factor influencing weight gain and sedentary behavior among non-bariatric 
samples (Bryant, Kiezebrink, King, & Blundell, 2010), and results from the current investigation 
expand this finding to Roux-en-Y gastric bypass patients.  Results strongly support the need for 
postoperative follow-up assessments to better assess struggles with eating-related variables such 
as low dietary restraint and high dietary disinhibition.  Bariatric surgery patients should be better 
informed about the negative effect of pathological eating on postoperative weight loss outcomes, 
and support services should be provided to those who are at risk for pathological post-surgical 
eating behavior.  To date, most studies assessing outcomes following bariatric surgery have 
focused on the influence of preoperative eating pathology on post-bariatric surgery weight loss 
outcomes (Burgmer et al., 2005; de Zwaan et al., 2010; Fujioka et al., 2008; Hsu et al., 1998; 
Niego et al., 2007; Latner et al., 2004; Sallet et al., 2007; White et al., 2006), but the present 
investigation suggests that postoperative eating behavior should also be strongly considered.   
Using food to cope with affect (i.e., emotional eating) was associated with lower %TWL 
in bivariate analyses, but this association was no longer significant when the effect of dietary 
disinhibition on %TWL was included in the prediction model.  Instead, results suggest that the 
effect of emotional eating on %TWL was fully mediated by dietary disinhibition.  Notably, three 
of the 16 items on the disinhibition scale are similar to items on the emotional eating scale, and 
removing these items rendered the association between disinhibition and %TWL non-significant.  
Subsequently, while using food to cope with affect seems to be important, the heterogeneous 
construct of dietary disinhibition was sufficient to tap this domain.  This finding aligns with the 
earlier suggestion that using lengthy questionnaires with post-bariatric samples may not be 
advantageous.  Findings suggest that a stand-alone measure of emotional eating may not add to 
our understanding of post-bariatric surgery weight loss outcomes, and eliminating this measure 
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(i.e., emotional eating) from assessment batteries may save time and reduce fatigue among post-
bariatric patients participating in research studies.  However, before any concrete conclusions 
based on this finding can be drawn, this result warrants replication.   
 Following bariatric surgery, patients are abruptly confronted with an inability to eat large 
quantities of food and, if paired with limited coping strategies for managing food urges through 
other means, this may create conditions that foster drug and/or alcohol dependence.  It is thus not 
surprising that 14% of this sample endorsed symptoms of a probable post-surgical SUD.  The 
more remarkable finding is that 70% of those who endorsed symptoms of a probable post-
surgical SUD reported developing this problem following their surgery.  SUDs generally occur 
earlier in life, during teenage years and in young adulthood (DeWitt, Adlaf, Offord, & Ogborne, 
2000; Kessler et al., 2005).  This makes the finding that more than two-thirds of those endorsing 
post-surgical SUDs reported developing this problem in their late 40s and early 50s even more 
alarming.  This post-bariatric elevation in SUD incidence takes on additional significance in 
comparison to non-weight loss surgery populations.  Data on the incidence of SUDs among 
middle-aged obese women are lacking, but a number of studies suggest that obesity is inversely 
or not at all associated with SUDs (Barry & Petry, 2009; McIntyre et al., 2007, Petry et al., 
2008).  Rates of current SUDs among middle-aged women are substantially (nearly 10 times) 
lower than the 14% observed among this community sample of post-bariatric surgery patients.  
For example, only 1.7% percent of women aged 45-64 met criteria for DSM-IV alcohol abuse 
and only 1.15% met dependence criteria (Grant et al., 2004).  
 Based on these findings, it is reasonable to conclude that Roux-en-Y gastric bypass patients 
may develop problems with drugs and alcohol later in life than would be expected (due to their 
surgery, rather than their age), providing some support for the notion of addiction transfer.  
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―Addiction transfer‖ has some credibility in the popular culture, but to date has had very limited 
empirical support.  The concept, however, does have considerable theoretical support.  For 
example, individuals with compulsive overeating leading to morbid obesity often experience loss 
of control over eating, unsuccessful efforts to quit or cut down, and continued eating despite 
adverse consequences.  These features are similar to those characterizing SUDs (e.g., loss of 
control over intake, unsuccessful attempts to quit or cut down, and continued use despite adverse 
consequences).  Neurobiological mechanisms may also be shared (Beaver et al., 2006; Gearhardt 
et al., 2011; Wang et al., 2004).  Postoperative compulsive overeating is not possible, as surgical 
constraints placed on eating limit the amount of food that can be consumed without associated 
discomfort.  This may set the stage for some post-bariatric surgery patients to ―transfer‖ their 
addictive behavior pattern to drugs and/or alcohol.  There is literature to suggest that the 
overconsumption of palatable foods can result in behavioral and neurobiological changes that are 
similar to those seen in addiction (Avena et al., 2008).  In the current investigation, endorsing 
symptoms of a post-surgical SUD was significantly associated with the total symptom score on 
the Yale Food Addiction Scale (YFAS).  Thus, support for the notion of ―addiction transfer‖ 
when using the YFAS (Gearhardt et al., 2009) as an indicator of post-surgical ―food addiction‖ 
was found.  To clarify, the YFAS conceptualizes ―food addiction‖ in accordance with DSM-IV 
―dependence‖ criteria.  If ―addiction transfer‖ is operating, it may be through similar 
mechanisms captured by the seven standard symptoms of psychoactive substance dependence. 
Among those patients who endorsed symptoms of a probable post-surgical SUD it was 
not surprising that use of opioids, sedatives, and alcohol were frequently reported.  There is 
evidence to suggest that gastric bypass patients reach higher peak blood alcohol concentrations 
(BACs) than controls, reach peak BAC faster, and take longer to return to baseline (Hagedorn et 
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al., 2007; Heinberg et al., 2012; Klockhoff et al., 2002; Woodard et al., 2011).  The patient‘s sex, 
age, and weight loss do not contribute substantially to the differences in BAC (Woodard et al., 
2011).  Thus, post-bariatric changes in physiological responses to alcohol may increase patients‘ 
risk for developing alcohol problems.  Data from our lab (Wiedemann et al., 2010) and a recent 
case report (Wendling & Wudyka, 2011) suggest that surgically induced physiological changes 
may enhance the abuse liability of opiates and benzodiazepines, the two non-alcohol substances 
used most frequently in this sample.  A finding from this study that has received little attention in 
the literature on post-surgical substance use relates to the relatively high rate of postoperative 
tobacco use.  Although a SUD diagnosis could not be provided for tobacco, 40% of individuals 
who endorsed symptoms of a post-surgical SUD also endorsed tobacco use during the past three 
months.  This is understandable as most non-bariatric SUD samples tend to have high rates of 
smoking (e.g., Kalman, Morissette, & George, 2005).  However, of those who reported the 
development of a new post-surgical SUD, 43% endorsed tobacco use, while only 8% of those 
who did not meet criteria for a post-surgical SUD also endorsed past three month tobacco use.  
Thus, not only does it seem as though post-bariatric surgery patients are developing post-surgical 
SUDs later in life, they may also be developing later in life (i.e., new onset) smoking.  This 
finding should be interpreted with caution, as this result is only descriptive in nature, and 
important variables such as the age of onset of tobacco use as well as the quantity or frequency 
of cigarette smoking were not assessed.  One study suggests that post-bariatric surgery patients 
who endorse postoperative cigarette smoking report decreased satisfaction with the results of 
their surgery (Latner et al., 2004).  The prevalence and consequences of new onset smoking 
should be an area for future research, as smoking can not only increase risk for morbidity and 
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mortality (CDC, 2010), but also can complicate recovery from bariatric surgery and any other 
post-surgical procedures that may need to be completed thereafter. 
Although the literature suggests that post-bariatric surgery SUDs may not adversely 
affect weight loss outcomes among those in a substance abuse treatment facility (Pulcini et al., 
2011) or among those with a history of substance abuse treatment (Clark et al., 2003), in this 
general population sample of bariatric surgery patients, endorsing symptoms of a post-surgical 
SUD predicted poor weight loss, beyond that predicted by eating-related variables.  Results 
suggest that health care professionals should strongly advise post-bariatric surgery patients to 
avoid substance use, as this may limit weight loss.  Other studies have found that post-bariatric 
surgery patients who drink large volumes of high-calorie liquids (e.g., alcohol) lose less weight 
following surgery (Yale & Weiler, 1991) and, in non-bariatric samples, alcohol consumption has 
been found to increase caloric intake and lipid consumption, but the calories consumed in liquids 
do not induce the same feelings of satiety as solid foods (Kesse, Clavel-Chapelon, Slimani, & 
van Liere, 2001).  Furthermore, alcohol may decrease the tone of the lower esophageal sphincter 
and increase gastric emptying, especially for liquids (Bujanda, 2000), as well as decrease 
behavioral inhibition (e.g., Easdon & Vogel-Sprott, 2000; Fillmore & Vogel-Sprott, 1999; 
Jentsch, & Taylor, 1999; Mulvihill, Skilling, & Vogel-Sprott, 1997; Vogel-Sprott, Easdon, 
Fillmore, Finn, & Justus, 2001), allowing for post-bariatric surgery patients to consume larger 
than normal amounts of food that may result in less postoperative weight loss. 
Family history of SUD and eating-related variables (nocturnal eating, environmental 
sensitivity to food cues, food addiction, and hunger) were associated with endorsing symptoms 
of a probable SUD.  Family history of SUD consistently emerged as a strong predictor of a post-
surgical SUD in logistic regression models, although its association with postoperative SUD in a 
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multiple regression analysis that included several eating-related variables did not reach statistical 
significance.  Nonetheless, this finding has practical implications in that family history of 
substance use can be easily assessed through the use of a single item, and at-risk patients can be 
advised accordingly.  Participants commonly admit to having individuals with SUDs in their 
families.  For example, 29.3% of our total sample endorsed having at least one family member 
with a SUD history.  Given the stigma associated with having a SUD and the fact that it may 
potentially become an obstacle to weight loss surgery authorization, patients may be reluctant to 
admit to their own substance use difficulties.  Therefore, screening for family history of SUD 
may provide a more valid indicator of a patient‘s postoperative risk of developing or relapsing to 
a SUD.  Family history of substance use has also been consistently identified as a factor 
elevating risk for SUD in non-bariatric samples (e.g., Curran et al., 1999; Jauhar & Watson, 
1995; Merikangas et al., 1998).  
Bariatric surgery is a novel and complex psychobiological event that may set the stage for 
―addiction transfer‖ in a way that other weight loss methods do not.  To be successful, traditional 
weight loss methods (like traditional drug/alcohol recovery efforts) typically require a series of 
concerted cognitive and behavioral steps to consolidate behavior change and prevent relapse.  In 
the case of bariatric surgery, those potentially important mechanisms are bypassed through 
surgical constraints.  As such, the bariatric patient is abruptly confronted with an inability to 
overeat, which may create conditions that foster the development of a post-surgical SUD.  
Although post-surgical SUD classification was associated with eating-related variables, all these 
eating-related variables were different than the eating-related variables related to %TWL.  
Among the eating-related variables significantly associated with endorsing symptoms of a 
probable post-surgical SUD, nocturnal eating, sensitivity to environmental food cues, symptoms 
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of food addiction, and subjective feelings of hunger or food craving were important.  
Implications from analyses suggest that greater cognitive and behavioral responses to food cues 
increase risk for a post-surgical SUD.   
Nocturnal eating has received little attention in relationship to post-bariatric surgery 
outcomes (Latner et al., 2004; Powers et al., 1999), despite the high prevalence of this condition 
among obese individuals who seek weight loss treatment (Colles & Dixon, 2006).  In at least one 
study investigating the association between postsurgical nocturnal eating and weight loss, greater 
post-surgical BMI was associated with more frequent nocturnal eating episodes (Latner et al., 
2004).  Certain symptoms of night eating syndrome (NES) parallel the symptoms of withdrawal 
from alcohol or drugs, although the association between NES and withdrawal from drugs/alcohol 
has yet to be empirically examined.  Withdrawal is defined as a maladaptive behavioral, 
physiological, and/or cognitive change that occurs when blood concentration of a substance 
declines after prolonged heavy usage (APA, 2000), while NES has been described as a syndrome 
characterized by morning anorexia, evening hyperphagia, sleep difficulty, mood disturbance, and 
recurrent awakenings from sleep to eat (Colles & Dixon, 2006).  In this investigation, each one-
point increment increase on the NEQ increased the odds of endorsing symptoms of probable 
post-surgical SUD by 15%, and there was a significant direct association between nocturnal 
eating and symptoms of food addiction (as measured by the YFAS).  If NES is indeed a 
behavioral manifestation of withdrawal from food, the direct association between nocturnal 
eating and post-surgical SUD classification is understandable, and provides additional support 
for the notion of ―addiction transfer.‖  As this investigation is the first study to highlight an 
association between post-surgical eating behavior and postoperative SUD, these findings should 
be replicated, specifically with measures other than self-report.  At present, all bariatric surgery 
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candidates should be warned about the adverse effects of pathological postoperative eating 
behavior on both substance-related and weight loss outcomes following surgery.  
Although improvements in QOL following bariatric surgery are well documented 
(O‘Brien, 2010), poor weight loss (McGuire et al., 1999; Hagedorn et al., 2007; Odom et al., 
2010) and post-surgical substance use (Saules et al., 2011) are associated with lower QOL.  
Results from the present study are consistent with those reports: lower postoperative weight loss 
and SUD classification were significantly associated with impairments in post-surgical health-
related QOL.  Lower health-related QOL is associated with a variety of psychopathological 
disturbances (Mannucci et al., 2010), and suicide has previously been reported as a major cause 
of death in post-bariatric patients (Adams et al., 2007; Hsu et al., 1998; Tindle et al., 2010).  
Compared to age and sex-matched controls, there was a higher rate of suicide among all patients 
who have had bariatric surgery (Tindle et al., 2010).  One report suggests that the rate of death 
caused by non-disease factors (e.g., accidents and suicides) was 58% higher among post-bariatric 
surgery patients than in the control group, and compared to risk of death from other medical 
conditions (i.e., diabetes, coronary artery disease, heart failure, cancer and stroke), the post-
bariatric surgery group had a higher number of deaths from suicide than any other medical 
condition except cancer (Adams et al., 2007).  As such, among those with poorer post-surgical 
weight or substance-related outcomes, psychological and/or psychiatric interventions should be 
offered prospectively throughout follow-up visits, and the potential for adverse outcomes 
following bariatric surgery should be discussed with patients at pre- and post-surgical follow-up 
appointments.   
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Limitations 
This study was not without limitations.  The goal of this investigation was to advance our 
understanding of postoperative prognostic indicators to facilitate tailored approaches for at-risk 
groups; however, efforts to do so with this lengthy online questionnaire may have been too 
burdensome for some participants.  In combination with reports suggesting that about 45% of 
bariatric surgery patients may distort self-report data (Boutacoff, Thompson, & Rupp, 2002), it 
would be useful in further research to use methodologies other than, or in addition to, self-report.  
In addition, a prospective, long-term longitudinal study tracking post-bariatric surgery weight 
loss and substance-related outcomes may help to elucidate and replicate the findings of this 
investigation, and can circumvent many drawbacks of this cross-sectional study.   
This investigation (like the present literature as a whole) was also limited by the absence 
of a standardized definition of pathological postoperative eating behavior.  It is difficult to 
distinguish normal eating and pathological eating after surgery, because most postoperative 
eating behavior will differ from the eating behavior of the non-bariatric population.  While de 
Zwaan and colleagues (2010) attempted to develop a standardized semi-structured interview to 
aid in identifying and classifying pathological postoperative eating behavior, this classification 
system has not been widely adopted and the assessment of certain constructs (e.g., grazing) may 
not clearly differentiate pathological from normal post-surgical eating behavior.  Additional 
validation of this semi-structured interview, in addition to other measures that can be used to 
systematically assess pathological eating behavior among post-bariatric surgery patients, is 
necessary.   
Generalizability was limited by restricting this investigation to only post Roux-en-Y 
gastric bypass patients.  Roux-en-Y patients were selected because virtually all individuals who 
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experience post-surgical SUDs have had this procedure (Saules et al., 2010), although Maluenda 
and colleagues (2010) have recently raised concerns about differences in alcohol absorption 
following laparoscopic sleeve gastrectomy.  Additional research is needed to extend the present 
findings to patients who undergo procedures other than the Roux-en-Y gastric bypass.  Certain 
factors other than the rigid adherence to post-surgical guidelines can result in postoperative 
weight loss.  For example, paralleling the increase use of bariatric surgery is an increasing desire 
for body contouring surgery (Mitchell et al., 2008), a procedure in which excess skin is excised.  
On average, this surgery results in an additional 12.8 pounds of weight loss (Shermak, Bluebond-
Langner, & Chang, 2008).  Post-bariatric body contouring surgery is an elective procedure that 
not all patients can afford, and having this procedure may confront patients with a different set of 
postoperative lifestyle changes than individuals who do not have body contouring surgery.  In 
this investigation, 18% of participants (n = 26) reported post-bariatric body contouring surgery, 
and those who endorsed post-bariatric body contouring surgery achieved a higher average 
%TWL and were more likely to be female compared to those who did not undergo this elective 
cosmetic procedure.  The failure to differentiate between those who endorsed postoperative body 
contouring surgery from those who did not endorse this procedure following their Roux-en-Y 
gastric bypass was a drawback of the current investigation.  Empirical investigations assessing 
whether meaningful differences exist between those who undergo post-bariatric body contouring 
surgery and those who do not undergo post-bariatric body contouring surgery have yet to be 
conducted, but this should be a focus of future research. 
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Chapter 6: Conclusion 
To date, most studies that have attempted to forecast bariatric surgery patient outcomes 
have focused on presurgical psychological and psychosocial factors which, for the most part, 
have not strongly related to post-surgical outcomes (Burgmer et al., 2005; Clark et al., 2003; 
Franks & Kaiser, 2008; Hsu et al., 1998; Jeng et al., 1994; Van Gemert et al., 1998; Van Hout et 
al., 2005).  This investigation was one of the first to focus on understanding the postoperative 
variables associated with post-bariatric surgery weight loss and substance-related outcomes.  
Findings from this investigation highlight the importance of eating-related variables to both 
%TWL and endorsing symptoms of a probable post-surgical SUD, although the eating- and non 
eating-related variables associated with each outcome differed.  Results support the need for 
post-surgical follow-up appointments to assess eating behaviors that may place patients at risk 
for poor weight loss and substance-related outcomes.  Findings also support the concept of 
―addiction transfer‖ as a strong cognitive and behavioral response to food, which placed patients 
at increased risk for endorsing symptoms of a probable post-surgical SUD.  In general, it will be 
important to advise post-bariatric surgery patients against postoperative substance use, as this 
negatively impacts postoperative weight loss and can results in its own set of postoperative 
challenges. 
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Appendix A– Informed Consent  
Principal Investigator – Summar Reslan, M.S., Doctoral Candidate, Eastern Michigan University 
Faculty Mentor - Karen K. Saules, Ph.D., Professor of Psychology and Psychology Clinic Director, Eastern 
Michigan University 
 
Title: Relationships between food reinforcement and eating behaviors to bariatric surgery weight loss and substance 
abuse outcomes. 
 
Thank you for participating in this investigation examining post-bariatric surgery outcomes. Before you agree to 
continue, you need to know why we are doing this research, what we will be asking you to do, and that your 
participation will be completely anonymous. You must be at least 18 years old to participate. Please read the 
following information carefully. 
 
1. Purpose of Study and How Long It Will Last: In this study, you will be asked to fill out an online survey that will 
take approximately 50 minutes to complete. The goal of this investigation will be to understand factors that may 
predict weight-loss and substance use outcomes following bariatric surgery. You will complete this study online, 
and at the end of the survey you will have the option to provide your contact information, which we will store for 
future contact from researchers investigating post-bariatric surgery outcomes. Your decision to provide your contact 
information for future research will not, in any way, affect compensation for this portion of the investigation. 
 
2. Participation Withdrawal or Refusal to Participate: Participation in this study is completely voluntary and you 
may choose to quit the research project at any time without any penalty. If you decide to participate, you can change 
your mind at any time and withdraw from the study without negative consequences. Because this is a web-based 
study, in order to withdraw, you can simply close the browser window at any time. Please note that if you do decide 
to participate, although you will be able to skip most questions, certain questions that are important to the primary 
aims of this investigation cannot be skipped.  
 
3. Description of Study Procedures: For this study, you will be asked to fill out an online survey that will ask about 
your post-surgical food preferences, eating habits, alcohol and drug use, and other related psychological variables. 
Additional demographic and background information such as your sex, age, race, marital status, and employment 
will also be asked. For payment, you will be directed to a second survey to provide contact information so that a $25 
gift card can be sent to you. Providing contact information to receive compensation is completely voluntary. You 
will then be asked if you agree to be contacted for participation in future studies that assess outcomes following 
bariatric surgery. You do not have to provide your contact information to participate in future studies, but you can 
do so if you are interested.  
 
4. Confidentiality of Information Obtained: All responses and personally identifiable information will be kept 
strictly confidential (see Survey Monkey‘s privacy policy for further information; 
http://www.surveymonkey.com/Monkey_Privacy.aspx). Your personal responses will only be released to the 
principal investigator, who will download all the responses off the internet at the end of the study and delete the 
information from Surveymonkey.com. At this point, all your personal identifying information will be separated from 
your survey responses. Information from this study may be reported or published, however, these results will only 
be presented in group form, that is, no individual information will be reported. Your anonymity will be maintained 
in any publications or presentations. The Institutional Review Board at Eastern Michigan University or federal 
agencies with appropriate regulatory oversight, however, do have the authority to review these records. 
 
5. Expected Risks of the Study: There are no known or anticipated risks of participating in this study. If answering 
questions on this survey causes you distress for which you might like some assistance, however, you may also call 
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the Principal Investigator, Summar Reslan (734) 487-4987, or her faculty sponsor, Dr. Karen Saules (734) 487-
4987, and they will be happy to speak with you about other referral sources that might be able to assist you.  
 
6. Expected Benefits of the Study: Although there may not be any direct personal benefit to you, your participation 
in this experiment will help us to better understand the relationship between the reinforcing value of food and post-
bariatric surgery outcomes.  
 
7. Compensation for Participation: You will be paid $25 for participating in the present study. For payment, you will 
be directed to a second survey to provide contact information so that a gift card can be sent to you. Providing contact 
information to receive compensation is completely voluntary. 
 
8. Use of Research Results: Results will be reported for groups only; no individual test results will be reported. No 
names or individually identifying information will be revealed. Results will be used as a part of the doctoral 
dissertation being conducted by the primary investigator. In addition, results may be presented at research meetings 
and conferences and in scientific publications or grant applications. As a participant, you are entitled to meet with 
the researchers to obtain the results of the study, and for any other questions or concerns. By completing and 
submitting the questionnaire, you will be giving informed consent for the researchers to use the information you 
provide. 
 
9. Future Questions: If you have any questions concerning your participation in this study now or in the future, you 
can contact the principal investigator, Summar Reslan, at (734) 487-4987 or via e-mail, shabhab1@emich.edu, or, 
Dr. Karen Saules, at (734) 487-4987 or via e-mail, ksaules@emich.edu. This research protocol and informed consent 
document has been reviewed and approved by the Eastern Michigan University Human Subjects Review Committee 
for use from August 19, 2011 to August 19, 2012. If you have questions about the approval process, please contact 
Dr. Deb de Laski-Smith (734.487.0042, Interim Dean of the Graduate School and Administrative Co-Chair of 
UHSCR, human.subjects@emich.edu) 
 
CONSENT TO PARTICIPATE: I understand my rights as a research participant and I voluntarily consent to 
participate in this study and follow its requirements. I additionally understand the purpose, intent, and necessity of 
the present study. I am able to print out a copy of this consent form for my future reference if I desire.  
 
If you have read all of the above and would like to take part in this study, click the ―Next‖ button below. By doing 
so, you are giving informed consent for us to use your responses in this study. 
 
If you do not wish to take part in this study, please close this browser window now. 
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Appendix B – Weight and Health History  
1. What type of weight-loss (bariatric surgery have you had)?  
O LAP-BAND adjustable gastric banding (LAGB) 
O Roux-en-Y gastric bypass 
O Vertical banded gastroplasty (―stomach stapling‖) 
O Biliopancreatic diversion with duodenal switch (BPD) 
O Gastric sleeve surgery 
O Don‘t know, not sure 
 
If you are not sure, please provide some details about what you can recall about the procedure you had:  
 
 
2. Were there any surgical complications? 
O No 
O Yes 
 
If you experienced any complications, please describe what happened:  
 
3. What was the date of your bariatric surgery? (Note: Actual or approximate date).  
___MM 
___DD 
___YYYY 
 
4. How old were you when you had bariatric surgery?  
 
5. How tall are you?  
___Feet 
___Inches 
 
6. How much do you weigh now?  
________Pounds 
 
7. What has been your highest adult weight (when not pregnant)? 
________ Pounds 
 
8. What year were you at your highest weight?  
 
9. What did you weigh just before your weight loss surgery?  
_________Pounds 
 
10. How much weight, if any, did you lose prior to having bariatric surgery? If none, please enter 0.  
__________Pounds 
 
11. What do you consider to be your ideal weight?  
__________Pounds 
 
12. Are you currently taking any of the following medications? Check all that apply.  
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O Zoloft 
O Paxil 
O Lexapro 
O Prozac 
O Parnate 
O Nardil 
O Amitriptyline 
O Nortriptyline 
O Desopramine 
O Risperidone 
O Haldol 
O Zyprexa 
O Seroquel 
O Inderal 
O Prednisone 
O Dexamethasone 
O Hydrocortisone 
O Birth control 
O Estrogen replacement therapies 
O Depo Provera 
 
13. If you are currently taking any of the medications listed in question 12, please indicate how long you have 
been taking these medications. Please provide estimates for all medications you checked above. For 
example: Zoloft – 3 years, Paxil- 6 months, etc.  
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Appendix C – Food Preference 
1. Do you like Pringles (Original) Chips?  
O No 
O Yes 
 
2. Is there any reason you can not eat Pringles (Original) Chips?  
O No 
O Yes 
 
3. Do you like Pringles (Fat-free) Chips?  
O No 
O Yes 
 
4. Is there any reason you can not eat Pringles (Fat-free) Chips?  
O No 
O Yes 
 
5. Do you like carrots?  
O No 
O Yes 
 
6. Is there any reason you can not eat carrots?  
O No 
O Yes 
 
7. Please rate the following foods according to your taste preference on a scale of ―Strongly like‖ to ―Strongly 
dislike.‖  
 Strongly Like Like Neutral Dislike Strongly 
Dislike 
Pringles (Original) Chips      
Pringles (Fat-free) Chips      
Carrots      
 
8. If given the option between having any of the following food options, please select the food you would 
most prefer.  
 
O Pringles (Original) Chips 
O Pringles (Fat-free) Chips 
O Carrots 
O Milk chocolate 
O Cheese cubes 
O French fries 
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Appendix D – RRV (Chip versus Fat-free Chip) 
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Appendix E –RRV (Chip versus carrot) 
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Appendix F – RRV (Fat-free chip versus carrot) 
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Appendix G – RRV (carrot versus chip) 
 
161 
 
 
 
162 
 
Appendix H – RRV (chocolate versus carrot)  
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Appendix I – RRV (cheese versus carrot) 
 
 
 
165 
 
 
 
 
166 
 
Appendix J – RRV (French fry versus carrot) 
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Appendix K – DD (chips)  
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Appendix L – DD (carrots) 
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Appendix M – DD (Fat-free chips) 
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Appendix N – DD (chocolate) 
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Appendix O – DD (cheese) 
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Appendix P – DD (French fries) 
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Appendix Q – MAST/AD 
 
Note that directions and items will be reworded to either reflect ―BEFORE you had bariatric surgery,‖ or ―Since you 
had bariatric surgery,‖ to assess substance use pre- and post-bariatric surgery, respectively.  
 
Score 
Yes  No 
0. Do you enjoy a drink or drug use now and then?      0  0  
 
1. Do you feel you are a normal drinker or drug user? (By normal we   0  2 
mean you drink or use drugs less than or as much as most other 
people.) 
 
2. Have you ever awakened the morning after some drinking    2  0       
or drug use and found that you could not remember a part of 
the evening? 
 
3. Does your wife, husband, a parent, or other near relative every   0  1       
worry or complain about your drinking or drug use? 
 
4. Can you stop drinking or using drugs without a struggle after one or 
two drinks or drug doses?        0  2 
 
5. Do you feel guilt about your drinking or drug use?     1   0 
 
6. Do friends or relatives think you are a normal drinker or drug user?   0   2 
 
7. Are you able to stop drinking or drug use when you want to?    0  2 
 
8. Have you ever attended a meeting of Alcoholics Anonymous, 
Narcotics Anonymous or other self-help group for drug use?    5  0 
 
9. Have you gotten into physical fights when drinking or drug use?   1  0 
 
10. Has your drinking or drug use ever created problems between you and 
your wife, husband, a parent, or other relatives?     2  0 
 
11. Has your wife, husband (or other family members) ever gone to anyone 
for help about your drinking or drug use?      2  0 
 
12. Have you ever lost friends because of your drinking or drug use?    2  0 
 
13. Have you ever gotten into trouble at work because of your 
drinking or drug use?        2  0 
 
14. Have you ever lost a job because of drinking or drug use?     2  0 
 
15. Have you ever neglected your obligations, your family, or your work 
for two or more days in a row because you were drinking or using 
drugs?          2  0 
 
16. Do you drink or use drugs before noon fairly often?     1  0 
       
17. Have you ever been told you have liver trouble? Cirrhosis?   2  0 
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18. After heavy drinking or drug use have you ever had Delirium 
Tremens (D.T.‘s) or severe shaking, or heard voices or seen 
things that really weren‘t there?        2  0 
 
How many times after heavy drinking or drug use have you ever had D.T.‘s 
 or severe shaking, or heard voices or seen 
things that really weren‘t there? ______________________________ 
 
19. Have you ever gone to anyone for help about your drinking or drug 
use?          5  0 
 
20. Have you ever been in a hospital because of drinking or drug use?   5  0 
 
21. Have you ever been a patient in a psychiatric hospital or on a psychiatric 
ward of a general hospital where drinking or drug use was 
apart of the problem that resulted in hospitalization?     2  0 
 
22. Have you ever been seen at a psychiatric or mental health clinic or 
gone to any doctor, social worker, or clergyman for help 
because of any emotional problem, where drinking or drug use was 
part of the problem?        2  0 
 
23. Have you ever been arrested for drunk driving, driving while 
intoxicated, or driving under the influence of alcoholic beverages 
or drugs?          2  0 
 
How many times have you been arrested for drunk driving, driving 
while intoxicated, or driving under the influence of alcohol beverages 
or drugs? If never, enter 0. _______________________________ 
 
24. Have you ever been arrested, or taken into custody, even for a 
few hours, because of other drunk or drug-related behavior?    2  0 
 
How many times have you been arrested, or taken into custody, 
even for a few hours, because of other drunk or drug-related 
behavior? ________________________________________ 
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Appendix R – ASSIST v3.1 
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Appendix S – WHOQOL-BREF 
The following questions ask how you feel about your quality of life, health, or other areas of your life. Please choose 
the answer that appears most appropriate. If you are unsure about which response to give to a question, the first 
response you think of is often the best one.  Please keep in mind your standards, hopes, pleasures and concerns. We 
ask that you think about your life IN THE LAST FOUR WEEKS. 
 
  
Very poor Poor  
Neither poor 
nor good 
Good Very good 
1.  How would you rate your quality of 
life?  1  2  3  4  5  
 
  
Very 
dissatisfied 
Dissatisfied 
Neither 
satisfied nor 
dissatisfied 
Satisfied 
Very 
satisfied 
2.  How satisfied are you with your 
health?  1  2  3  4  5  
 
 The following questions ask about how much you have experienced certain things IN THE LAST FOUR WEEKS.  
  
Not at all A little 
A moderate 
amount 
Very  
much 
An 
extreme 
amount 
3. 
* 
To what extent do you feel that 
(physical) pain prevents you from 
doing what you need to do? 
1  2  3  4  5  
4. 
* 
How much do you need any medical 
treatment to function in your daily 
life? 
1  2  3  4  5  
5.  
** 
How much do you enjoy life? 
1  2  3  4  5  
6. 
** 
To what extent do you feel your life to 
be meaningful? 1  2  3  4  5  
 
  
Not at all A little 
A moderate 
amount 
Very  
much 
Extremely 
7.  
** 
How well are you able to concentrate? 
1  2  3  4  5  
8. 
***
* 
How safe do you feel in your daily 
life? 1  2  3  4  5  
9.  
***
* 
How healthy is your physical 
environment? 1  2  3  4  5  
 
The following questions ask about how completely you experienced or were able to do certain things IN THE LAST FOUR 
WEEKS.  
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Not at all A little Moderately Mostly Completely 
10.  
* 
Do you have enough energy for your 
everyday life? 1  2  3  4  5  
11. 
** 
Are you able to accept your bodily 
appearance? 1  2  3  4  5  
12. 
***
* 
Do you have enough money to meet 
your needs? 1  2  3  4  5  
13. 
***
* 
How available to you is the 
information that you need in your day-
to-day life? 
1  2  3  4  5  
14. 
***
* 
To what extent do you have the 
opportunity to do leisure activities? 1  2  3  4  5  
 
  
Very poor Poor  
Neither poor 
nor good 
Good Very good 
15. 
 * 
How well are you able to get around, 
physically?  1  2  3  4  5  
 
  
Very 
dissatisfied 
Dissatisfied 
Neither 
satisfied nor 
dissatisfied 
Satisfied 
Very 
satisfied 
16.  
* 
How satisfied are you with your 
sleep?  1  2  3  4  5  
17. 
*   
How satisfied are you with your 
ability to perform your activities of 
daily living? 
1  2  3  4  5  
18. 
* 
How satisfied are you with your 
capacity to work? 1  2  3  4  5  
19. 
** 
How satisfied are you with yourself? 
1  2  3  4  5  
20. 
*** 
How satisfied are you with your 
personal relationships? 1  2  3  4  5  
21. 
*** 
How satisfied are you with your sex 
life?  1  2  3  4  5  
22. 
*** 
How satisfied are you with the 
support you get from your friends? 1  2  3  4  5  
23. 
***
* 
How satisfied are you with the 
conditions of your usual living 
place?  
1  2  3  4  5  
24. 
***
* 
How satisfied are you with your 
access to health services? 1  2  3  4  5  
25. 
***
* 
How satisfied are you with 
availability of transportation? 1  2  3  4  5  
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The following question refers to how often you have felt or experienced certain things IN THE LAST FOUR WEEKS. 
  
Never Rarely Quite Often 
Very 
often 
Always 
26.  
** 
How often do you have negative 
feelings such as blue mood, despair, 
anxiety, or depression?   
1  2  3  4  5  
 
Relevant domains:  
* = physical health 
** = psychological domain 
*** = social relationship  
**** = environment 
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Appendix T – QEWP- R Questionnaire  
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Appendix U – QEWP-R Scoring Rubric  
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Appendix V - Food Grazing 
1. Over the past four weeks, have you picked at (or nibbled) food between meals and snacks? By ―picking‖ I 
mean eating in an unplanned or repetitious way.  
O No  
O Yes 
 
2. During times when you picked at (or nibbled) food, what have you typically eaten?  
 
 
 
3. How many times a week do you generally pick at (or nibble) food?  
O 1 
O 2 
O 3 
O 4 
O 5 
O 6 
O 7 
 
4. Would you call these episodes snacks?  
O No  
O Yes 
 
5. Do you know in advance how much you are going to eat during these episodes of picking (or nibbling)?  
O No  
O Yes 
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Appendix W – QCSRF  
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Appendix X – TFEQ  
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Appendix Y – NEQ  
1. How hungry are you usually in the morning?  
O Not at all 
O A little 
O Somewhat  
O Moderately  
O Very  
 
2. When do you usually eat for the first time?  
O Before 9:00 a.m. 
O 9:01 a.m. to 12:00 pm. (noon) 
O 12:01 to 3:00 p.m. 
O 3:01 p.m. to 6:00 p.m. 
O 6:01 p.m. or later 
 
3. Do you have cravings or urges to eat snacks after supper, but before bedtime?  
O Not at all 
O A little 
O Somewhat  
O Very much so 
O Extremely 
 
4. How much control do you have over your eating between supper and bedtime?  
O Not at all  
O A little  
O Some 
O Very much so 
O Complete  
 
5. How much of your daily food intake do you consume after suppertime?  
O 0% (none) 
O 1-25% (up to a quarter) 
O 26-50% (about half) 
O 51-75% (more than half) 
O 76-100% (almost all) 
 
6. Are you currently feeling blue or down in the dumps?  
O Not at all 
O A little 
O Somewhat 
O Very much so 
O Extremely 
 
7. When you are feeling blue, is your mood lower in the:  
O Early morning 
O Late morning 
O Afternoon 
O Early evening 
O Late evening/nighttime 
O Mood does not change during the day 
 
8. How often do you have trouble getting to sleep?  
O Never 
O Sometimes 
O About half the time 
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O Usually 
O Always 
 
9. Other than only to use the bathroom, how often do you get up at lesat once in the middle of the night?  
O Never  
O Less than once a week 
O About once a week 
O More than once a week 
O Every night 
 
*If never, please discontinue* 
 
10. Do you have cravings or urges to eat snacks when you wake up at night?  
O Not at all 
O A little 
O Somewhat 
O Very much so 
O Extremely 
 
11. Do you need to eat in order to get back to sleep when you awake at night?  
O Not at all 
O A little 
O Somewhat 
O Very much so 
O Extremely 
 
12. When you get up in the middle of the night, how often do you snack?  
O Never  
O Sometimes  
O About half the time 
O Usually 
O Always 
 
**If never, please discontinue** 
 
13. When you snack in the middle of the night, how aware are you of your eating? 
O Not at all 
O A little 
O Somewhat 
O Very much so 
O Completely 
 
14. How much control do you have over your eating while you are up at night?  
O Not at all 
O A little 
O Some 
O Very much 
O Completely 
 
15. How long have your current difficulties with night eating been going on?  
Number of months _______ 
Number of years     _______ 
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Appendix Z – EES 
 
We all respond to different emotions in different ways. Some types of feelings lead people to experience an urge to 
eat. Please indicate the extent to which the following feelings led you to feel an urge to eat by checking the 
appropriate box. 
 
 No desire to eat A small desire 
to eat 
A moderate 
desire to eat 
A strong urge 
to eat 
An overwhelming 
urge to eat 
Resentful      
Discouraged       
Shaky      
Worn out      
Inadequate      
Excited      
Rebellious       
Blue      
Jittery      
Sad      
Uneasy      
Irritated      
Jealous      
Worried      
Frustrated      
Lonely      
Furious      
On edge      
Confused      
Nervous      
Angry      
Guilty      
Bored      
Helpless      
Upset      
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Appendix AA – YFAS  
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Appendix BB – YFAS Development, Scoring and Norms Rubric  
Instruction Sheet for the Yale Food Addiction Scale 
(Gearhardt, Corbin, & Brownell, 2008) 
Contact Information: ashley.gearhardt@yale.edu 
 
The Yale Food Addiction Scale is a measure that has been developed to identify those who are most likely to be 
exhibiting markers of substance dependence with the consumption of high fat/high sugar foods.   
 
Development 
The scale questions fall under specific criteria that resemble the symptoms for substance dependence as stated in the 
Diagnostic and Statistical Manual of Mental Disorders IV-R and operationalized in the Structured Clinical Interview 
for DSM Disorders. 
 
1) Substance taken in larger amount and for longer period than intended 
Questions #1, #2, #3 
 
2) Persistent desire or repeated unsuccessful attempt to quit 
Questions #4, #22, # 24, #25 
  
3) Much time/activity to obtain, use, recover 
Questions #5, #6, #7 
 
4) Important social, occupational, or recreational activities given up or reduced 
Questions #8, #9, #10, #11 
 
5) Use continues despite knowledge of adverse consequences (e.g., failure to fulfill role obligation, use when 
physically hazardous 
Question #19 
 
6) Tolerance (marked increase in amount; marked decrease in effect 
Questions #20, #21 
 
7) Characteristic withdrawal symptoms; substance taken to relieve withdrawal 
Questions #12, #13, #14 
 
8) Use causes clinically significant impairment 
Questions #15, #16 
 
Cut-offs 
Cut-offs were developed for the continuous questions by examining scatterplots of the answers compared to Binge 
Eating scores, EAT-26 scores, and BMI. 
 
0 = question not significantly met, 1 = question criteria is met 
 
The following questions are scored 0 = (0), 1 = (1): #19, #20, #21, #22  
The following question is scored 0 = (1), 1 = (0): #24 
The following questions are scored 0 = (0 thru 1), 1 = (2 thru 4):  #8, #10, #11 
The following questions are scored 0 = (0 thru 2), 1 = (3 & 4):  #3, #5, #7, #9, #12, #13, #14, #15, #16 
The following questions are scored 0 = (0 thru 3), 1 = (4):  #1, #2, #4, #6, #25 
The following questions are NOT scored, but are primers for other questions: #17, #18, #23 
Questions #26 & #27 provide information on foods that participants have trouble controlling 
 
SCORING 
212 
 
After computing cut-offs, sum up the questions under each substance dependence criterion (e.g. Tolerance, 
Withdrawal, Clinical Significance, etc.).  If the score for the criterion is > 1, then the criterion has been met and is 
scored as 1.  If the score = 0, then the criteria has not been met. 
 
Example:   
Tolerance: (#20 =1) + (#21 = 0) = 1, Criterion Met  
Withdrawal (#12 =0) + (#13 = 0) + (#14 = 0) = 0, Criterion Not Met 
Given up (#8 =1) + (#9 = 0) + (#10 =1) + (#11 = 1) = 3, Criterion Met and scored as 1 
 
To score the continuous version of the scale, which resembles a symptom count without diagnosis, add up all of the 
scores for each of the criterion (e.g. Tolerance, Withdrawal, Use Despite Negative Consequence).  Do NOT add 
clinical significance to the score.  This should range from 0 to 7 (0 symptoms to 7 symptoms.) 
 
To score the dichotomous version, which resembles a diagnosis of substance dependence, compute a variable in 
which clinical significance must = 1, and the symptom count must be > 3.  This should be either a 0 or 1 score (no 
diagnosis or diagnosis criteria met.)     
Norms 
Diagnosis of Food Dependence – 11.6% 
Median Symptom Count Score – 1.0  
Withdrawal – 16.3% 
Tolerance – 13.5% 
Continued Use Despite Problems – 28.3% 
Important Activities Given Up – 10.3% 
Large Amounts of Time Spent – 24.0% 
Loss of Control – 21.7% 
Have Tried Unsuccessfully to Cut Down or Worried About Cutting Down – 71.3% 
Clinically Significant Impairment - 14% 
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Appendix CC – PFS 
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Appendix DD – PHQ-9  
Over the LAST 2 WEEKS, how often have you been bothered by any of the following problems? 
 
 Not at all Several days More than half the 
days 
Nearly every day 
Little interest or pleasure in doing things     
Feeling down, depressed or hopeless     
Trouble falling or staying asleep, or 
sleeping too much 
 
    
Feeling tired or having little energy     
Poor appetite or overeating 
 
    
Feeling bad about yourself--or that you are 
a failure or have let yourself or your family 
down 
 
    
Trouble concentrating on things, such as 
reading the newspaper or watching 
television 
 
    
Moving or speaking so slowly that other 
people could have noticed? Or the 
opposite--being so fidgety or restless that 
you have been moving around a lot more 
than usual 
    
Thoughts that you would be better off dead 
or of hurting yourself in some way 
 
    
 
10. If you checked off any problems, how difficult have these problems made it for you to do your work, take care 
of things at home, or get along with other people? 
O Not difficult at all 
O Somewhat difficult 
O Very difficult 
O Extremely difficult 
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